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Intro  due  tion. 


W 


• Lftolc-  oJI  pjjxJJ  Oj-o5lJI  CjLfcLLaJ  0^3  i_>Lwa>J  ^lllao  Lo  IjjjlT 

! ^JjLa  <iJb»uJl  CiVIaJI  ^3  Ia1cl>o  JakJ I ^.ikiwu  jx-  jjSl 


/-  (Af  cr.)  Cracking  Moment 

• i (^3  ijLwJi  (j-«  oLwjjaJI  oiAic  tju3  ,jjJ!  ^jxJi  jjb  Mcr 


2 - (M u)  ) Working  Moment 

Just  safe  i ^jJi  ^ aJLLuJI  cj\j*Ku  «u  ^um  »jx  j^st  ja  M\d 
W.S.D.M.  ^ unsafe  b&  (Mw)  <>  t1^1  **>*  131  ■> 

Working  Stress  Design  Method 

3-  {Mult)  Ultimae  Moment . 

• 1*^  a***3  131  j (•>  JA  ( Mult ) 

4-  (Af  f/.Z.)  Ultimae  Limits  Moment . 

Just  safe  Ltitoo  i^jJI  j oiiJJi  oIjaSIu  <j  |»jx.  _uSt  ja  (Mu.l.) 
U.L.D.M.  <i)>  ^ unsafe  b&  (Mu.l.)  o*  fc^1  ^ 131  j 
Ultimae  Limits  Design  Method 
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• ^LLaJI  LaJ««L>Jb  (JjJ  I A ^jxJI  v-A*o»o  (j  ^gjgLWU  <j5J  J 
• ^Uall!  (jj  (jj«o JLao*uxJ I vLJLaJI  j <OL jiJI  fja I V^f  i-a»j 

. «u3 L u 1 j^licJU  CwLm»VI  ^jUJI  (jkfo  OjXwt  ^ f • -LUJ  4_\Mji.vittJ I ^l^sJI  (jkfo  Uk»!  ^ 


Stress  Diagram  For  section  under  Bending  Moment  only. 


Comp. 


A M 


Comp. 


N.A. 


Y 

/ 

/ 

/ 

/ 

/ 

/ 

Comp. 


N.A. 


N.A. 


Ten. 


at  Failure 


after  cracking 


before  cracking 


Strain  Diagram  For  sections . 

Elastic  Theory. 

• Jo4£sjJI  Jlcj  ijy Iwjuo  JlJb  OjXJf  JU*>o  JjlS  pLLaJI  (J5lm>  jf  (jJlc  JulLcj 

Neutral  Axis  (N.A.)  J!  UIj  ^ILill  JLL  j 


Jxo^aJI  Jjl3  ^Uall! 


JdJlxJ I OUaujI  / 

" X 


ittlLjJI  olrfjkU  ^JILLiI 

r 


/ ' 


\ 


\ 


\ 


Jl  J!*  <JUai*Sfl 


Strain  Diagram. 


2D 


JjooJI  Jo3 


OCJ 
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Stress  — Strain  Curve  For  Concrete. 


< 3 j 

Fcu  (W\mm2) 

18 

20 

25 

30 

35 

40 

45 

* tluJI  ^ AjLuj^J  ^dLcixn  jL^>l  ^jST  ^Jb  F q "fay* 

•A^Lwtj^JI  ^3  uj Jlpo  "Lcll&J I 6 Jut  ^ Olwijxll  JLmJI  jLfexI  jlj  Ijlj 


Fctr  = 0.6  V^cu  ^\mm' 


ctr  ( Concrete  Tension  Rupture) 
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Modules  of  elasticity  of  Concrete.  (Ec) 


t?  __  stress  «oLj jiJI  «C jjlc»o 

strain 


E Ci  = 4400  \JFCU  N\mm' 


F 

^Cf  ~ modules  of  elasticity  of  concrete  before  craking. 

• Jjls  stress-strain  curve  Jl-Ui.  J ju  ojLx  j 


Ec2  — modules  of  elasticity  of  concrete  after  craking . 

• JL£j  <io£j  Julc-  CUTVe  JU  (j*»Lo<aJI  Jxo  qJZ-  OjLlX  ^ja  ^ 

LaJulX  t_> yu>uJ I <Jo3lll  Jkix  Curve  Jl  Jx»  JflSi  <jJb  <JjLfiwo  LtJ  ^ ^ 
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Stress— Strain  Curve  For  Steel  in  Tension. 


| Stress  {Ten) 
Fuit  - 


J!  jU> I yield  stress  ( Fy  ) 
j-moSJI  jIa^I  ultimate  Stress  (Jult) 

(j£  ^J^UwuJl  JL>JL>J  I 

Mild  Steel  240\350 
High  strength  Steel.  360\520 
High  strength  Steel.  400\600 


Strain 


Modules  of  elasticity  of  Steel.  (Es) 

JdJLsJI  4 yt  wlx_« 
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Modular  Ratio  (n) 


Es  = constant  =2*10  N\mmz 


EC1  = 4400  \JFCU  N\mm2 before  cracking 

Eq2  ECl  after  cracking 


Before  cracking 

Es 

n - s 
Eci 

2*10  ~ 1Q 
4400  \lFou 

After  cracking 

Es 

n = s 
Eq2 

^ 15 

Es__  ( stress\  sfra/vn)  steel. 
Eq  ( stress\  sirtfxn ) cone. 


i_9 jiJJ  4jjUJI  <JLLi1Lmj ^1  j JL>-  I3J  <0|  o IjlCxO  j 

. (jJx-  4_C^fjJI  Cl)  I jU>  </l  Oj*o  *1%  Cj  I jl.ftL.-a-J  JjJLa-JI  (jJiC 


(JjxlsCLJI  JlCj  (jj ILo*  jJJtw  ^ ,«j>oJ  I ^liokJ  1 I (j-c  43  j 

<JUaiMj^l  (jjfc  jl»jl»JI  ^ <jjUJI  Strain  ^JUai^yi  <jf  olic^o  llai 

• jjjl>JJ  4JLy0^jL«JI  4jjL»Jf 

Cl) ljLftL>. VI  Oj- o (jjLuu  JbJusJI  (jJx-  4_c^ljJf  Cl> I J Lft.-a» V I (jt  oIClC^o  I Juft  j 

. <J  4iLy3  ^JLoJ  I 43  Lw0j3j  I (jJx-  4_£j|  | jJ  I 
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Important  Symbols.  4-oIa  jy>j 


dX 


t 


d 


Width  fcUaiJI  = 5 

Depth  ^UaSJI  — iy 


CL" 


S 


"AV 

• ••• 

r 

• • •• 

C — 50mm  C — 75mm 


Tension  cover  jl£JI  d>d>.  *Uai 

H 

jba*JI  £LJ  c.G.  6-  't 


c 


Ct  — t-  C Effective  depth  (jJUJU!  .=-  0^ 


Compression  cover  JaLiJ!  JbJL>  d 


j4rea  o/  tension  steel  oLJI  JbJw.  <uLm=-^ 
.Area  o/  compression  steel  JaL* Jl  d>Jw-  <uLi=-^ 


\ 


\ 
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Moment  of  Inertia. 


Neutral  Axis  (.NjI.)  Ji  ^UaiU  (/)  Inertia  Jl  '.'."Vi  lib 


i — b — i 


i — b — i 


N.jL 


I — & — I 


N.A. 


For  Steel  Bars. 

I =AS  ( rf 


s 


N.A. 
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Special  Cases. 


i— b— i 


1=0.11  r4 


r 


0.424  V 
L Y'- 


Ix  = 0.055  V4 


© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 
Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) 


Behavior  of  Beams  under  Bending 

Page  No.  1 0 


Virtual  Section.  ^UaSJI 


(jjjiljiUlj  ^LUU  (I)  Inertia  Jl 

Joii  6±»\j  ojLo  ,>  ( homogeneous  section)^ -iUa*  ^aSJ|  O^j  <jf 

ojLo  ,>  jSSt  (>  ( heterogeneous  section)  ^LUaJI  ^ ^ 

4j L**>  ji*J I (jJ6  j JaA3  oJk»»lj  6jL»  fjjSijL)  --LLaSJ I <ji  t jJt  j ^ lpo  (Jjv  ^JxlC-  I— Xjs-i3 

<J  <l»oiUJI  <jL*>jisJ!  <L&iljJI  *bU*VI  e^#  (y\)  Jl>Jl>JI  (^ic-  *LcjljJI  G»ljLte>»VI  jV  j 
oj-«  *Y\j  Lfeo9.LwjL«  AjLrfjix.  <jlSlc  jpUaDI  jujlsJI  Jju  <j ! Jy^oj  ^1  j51<uJI 

(jlSUf  (j-iij  (jJ  <S,ypy»  j Jl)Jl>JI 

. ^y*»ji  ^iLiu  (/>  Jl  ^.  *aJ I ; l Us  1 1 Jl  c-)Lui»>  ^JeuLuij  Oj^iaJI  oJl*j 


d 


I gross  — /gf 

Before  Cracking 


f -F~ 

i y 


L 


7V.j4. 


i?eai  Sec. 


Virtual  Sec. 


d 


d_ 


I crack  — Inv 

After  Cracking 

Z 

N.A.J 

d-Z 


Real  Sec. 


Virtual  Sec. 


Neutral  Axis  ( N.A. ) Jl  J,p-  ^JaSU  (/)  Inertia  Jl  Lo$Ij 
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Before  cracking.  J 

U 

without  compression  steel  A$ 

b b 


L~\ 


t 

2 


J 


d 


Virtual  Sec. 


T 


Real  Sec. 

Tl  ( before  cracking ) ~ 1 0 

C - cover  From  tension  steel  — ( 40  — ► 50)  mm. 
d = distance  From  tension  steel  to  max  compression  Fibers. 


J j]  Jl  uL>  Jjj  jjl»o  I JJ  (C.C.)  Jl  jux-  ( r^4)j|  >*iT>  Jjj 


Ac  = 6 * t — 

i4cv-n^4s  - b*t- As  +nAs  = b*£^-(n_  /)^4 


s 


~ C.G.  of  virtual  Sec.  From  Tension  side. 


Ig  - moment  of  inertia  about  N.A.  For  virtual  Sec. 


Jg=  ^+b*t(±-yv)Un-i)Aa(yv-c) 


— .2 


12 
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with  compression  steel 


L 


r _ 
1 yv 


d 


Real  Sec . 


Virtual  Sec . 


d = distance  From  Compassion  steel  to  max  compression  Fibers, 


Ac  — b * t — As  — i4s- 


A 

fly  = 


IF  -^s'  < 0.2  As  I 


•••  We  can  neglect  A$ 


Aq  + nAs  + nAg'- 


= b*t-  As~  -4S'  + nAs  +nAs > 


Vt  = C.G.of  virtual  Sec.  From  Tension  side. 


g — moment  of  inertia  about  N.A.  For  virtual  Sec. 
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After  cracking.  J 


lye,  p Uaij  I I jjJ  ^ULS  JnKyiJI  N,A»)  J I JlmJI  <Jt>  AjLwjjSJI  ^j-iu  » V\ r. 

tLLlU  (C.C.)  Jl  ^ (N.A.)  Jl  0^  oJ  tfJUL  j 

(jljjVI  JJjjJs  tJJbo  JbJbaJ I ^.A»  * Jl  (jlSl*  JJbo  (jf  ^uLu  44)  t^l  J 

(AU.)  Jl  JA-T  (JV^4.)  J I ^ L®j5j*«  JLCo  CjLvLwmJI  „>j^a  OJ^i  <j  •'  t-rx?<£ 

(J\Li.)  Jl  c^J-c-f  UV.i4.)  Jl  0^  UjS'j-o  >jlcj  (^i  CjLs-LxuJ I tfjl—u 


Area  * distance  — (.First  Moment  of  Area) 

Snv.  «=■  ^nv. 

above  (iV.i4.)  under(N.A.) 


0 For  R—Sec. 


without  compression  steel  A$ 


*Y\,  ( a/ter  cracking  ) ^ 75 
Get  Z ( From  Comp . side) 
by  taking 


Snv. 

— Snv. 

above  ( NA .) 

under  (N A) 

Get  Icr  - /_  ( moment  of  inertia  For  cracked  section) 


nv 
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with  compression  steel 


IF  A$ > 0.2  As 


(n-i)As- 


71  ( after  cracking  ) ^ 15 


Get  Z ( From  Comp,  side) 


Snv. 

— Snv. 

above  (N.A.) 

under  (N.  A) 

t < 

C 

Zr 

2 

m 

3*1 
rd  1 

iNA- 

nAs 

d- 

b 


b(z)(j-)+(n~l)2 4#(z-d')  =nAs{d-Z) 


Get  /_  - /nv  ( moment  of  inertia  For  cracked  section) 


cr. 
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(g)  For  T—Sec.  or  L —Sec. 

( Tension  Steel  only ) 

No  Compresion  steel  in  T-sec.  Sc  L-sec. 

To  know  IF  the  N.A.  above  or  under  the  Flange. 
Assume  that  the  N.A.  is  exactly  at  the  Flange. 

Calculate  ( First  Moment  of  Area)  Snv. 


above  and  under  the  Flange. 

IF  Snv.  (above)  J>  Snv.  (under)  - * ^ ^ 


ts  ~ N.A. 


IF  S nv.  (under)  J>  Snv.  (above)  ••  Z > ts ^ ts 


mm 


% Mi 


IF  S nv.  (above)  Snv.  (under)  Z < ts 
The  sec . will  act  the  same  as  R—sec.  but  with  width  B 


rj(\  ( after  cracking  ) ^ 15 

Get  Z ( From  Comp,  side ) 


B 


zr 


^nv. 

above  ( N.A. ) 

under(N.A.) 

nAs 

• • • • 


t/S 


d-Z 


Get  /cr  = ( moment  of  inertia  For  cracked  section) 


nv 
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(^)  IF  S nv.  (above)  < Snv.  (under)  Z > tr 


B 


Get  Z ( From  Conyp.  side ) 


Snv. 

— Snv. 

above  ( N.A. ) 

under  (N.  A) 

B (ta)  (z~\  ) + 6(U)(^)=  nAs(d-Z) 


Get 


( 


moment  of  inertia  For  cracked  section) 
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Calculation  of  Normal  stress  on  Concrete  Sc  Steel 
• -UjLc-o  jjf  <jJ  <jLo jJJI  Normal  stress  Jl 


*MX 


/.  j?1-  + My  X + MX  y 

" IY  - Ix 


Ad y—  ZerO  «jS3I  jjS  V jJaSi  liljjt  iflz  ijdfloj  hjtf  j 


Normal  stress 
oLi^pJI 


.<1  -aojUl  ■oL.jjJI  ^1*  -uiyi  obU>-YI  ty,  (n)  iw'-J  JeJoJ1  ^ <^1  c.bU*VI  j 


Normal  stress 
jj<  \ *><  J I J r* 
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*MX 


( Concrete) 


(Steel) 


Where  : 

N.A.  J!  stress  Jl  L&JjlC’  I <JaiLJ  1 <JLuuJ!  <jjb 

N.A.  J!  J y»  JUJJI  ^ILlU  moment  of  Inertia  Jl 

before  cracking  Jl  ^LUILI  = Jg  ^ 

after  cracking  £>£uJ!  jlco  ^LUILI  = I nv  j 
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B efore  Crac king . 


Ft 


M*y 


( Concrete ) 


I 


I 


9 


I 


Before  Cracking. 


I 


9 


Ft 


( Concrete ) 


M*V  M* 


nv 


T?n  „M*y  ir 

■C 2 (Steel  ) — — ~T = 15 


M*  (d-z) 


nv 
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Stages  of  Beams  under 
Variable  Bending  Moment. 


jjUU  ovoSJl 

. aJJiLpsxJ  I 

( Simply  Supported)  0 

J51U1  <j3  (jjjjL*  jjt  LS 

. (o.iu.  Ujjj  JUftl  jwo) 

Oj* «5lJf  (>  Jaw j VI  CxJjJI  (jjSl  £lip» 
. Jali  P.Af. 

>*  I Ax  ^ S\P.  ^ j 

• \ I I ■ 1 ^jul  Adt  ^**J  I 


M=PL 


M = EL  Oj*Q\  ^ f3\j)\  *>JI  jljUU  Jbjj  P ^yll!  jljJL  ojb)j 

3 

: (Jj>. Ij-o  C > ^Jl  j j^3  Lfcjl  JLso  (J-cl>JI  Ojt-Jj  OjxlSII I «LwoljJb  j 

1—0.0  > Cracking. 

2 — Cracking > Working. 

3 — Working  > Ultimate. 


1 - Cracking  Stage.  M=nn  *.  If 

Tension  Side  JtAJI  ^ oj^SJl  ^ J^f  oaic.  £>jl>o  ^JJI  J^>JI 

M„=(P„'.L)\3 


2-  Working  Stage.  A/„ >.  A/.. 

z Cf  • u/ 

Pi allowable  vi>iA>J!  q-o  ^Jx-  jIa»>VI  oSx£.  (J+&j  <^AJ!  „$■*  Pyj 

Mw=  {PW*L)\3 


3—  Ultimate  Stage. 


M. 


w 


M. 


ult. 


EoU  t_ffJ I JaLiflJI  <gLm4jJ>JI  (jJx-  jLol»>VI  (Jj^u  OJ^JJ  jlxftj  oJu£-  '4jJl>o  ^jJI  (J*&>Ji  jJt  PyU 
ALyii  — L ) \3  -^y  ^ <>* 
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Normal  Stresses  Diagram 

For  beams  subjected  to  Bending  Moment  only. 


P=Puit  P=PW  P =P<sr.  P*zero  P=zero 

© ® © © © 


normal  stress  — Zero  Jl  ^ 


jLcJI  ^LuJI  (Jl3  -LaX»^  j ^JLLJI  (ji9  JUo  u>Jbo  I _ V 

juUI  4JLhi«  ^ normal  stress  -Jl  J^JI  e-ibj  ^ - r 

M QY'  j Per.  <£***£.  ^-I^JJI  j 

JLuJI  AjLldjuo  fjS  *GL«jjJ»JI  fjJ  jJfcJaS  J-cl>JI  ojbj  _ 6 

( Ajlff  uluixll  ^3  i»jj)  V ^Ld^xll  <J«*  ^JmuJI  >>jxll  ) 

Allowable  stresses  1 0JI  JacJaJI  < Halo  *oLojiJ!  <ji  J^u  J^>JI  o^Lj  j 

Allowable  stresses  Fs  ^Jl  JbuJ I ^ &Jgtuo  ^l3  Jl>JL>J I J LfcL% V I jf 
Afw  J i^y  0>ia  >Alt  J 

Cj1jIap> VI  ^l9  ~ jail*  j^x.  jju&3  uJbo  j <jb*> jiJI  (^ic-  JgLC^aJl  jljjj  (J*cl>JI  o jbj  £w«  _ 0 

^L^pJI  {jlc,  non  Linear  stresses 

Feu  ^ L*aJ ) AJLtajbo  fjJ  VI  JUgy*  ^jLx 

<^J!  JLmJI  A-Sieajuo  JuJl»JI  jL&.  '/!  jl 

XJblt  if****?.  J Pult  (J’<L>*JI  <*&***£  ^ J 1 o«JLft  Jut  j j Ljfcj  </ 1 Oj^aSJl  fjuu  j 
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Cracking  Moment  (Mcr) 


»i^J!  ^ Jjl  <1>js±>-  (jJI  (jAJI  ^j-cJ!  <*±2 

Frfr  <jJ!  JuaJf  ^JLLajb o fj3  (jj  jU.^1  <J-*3£  oJllC-  j 

N\mm 2 

Cracking  Tensile  stress.  ( Concrete  Tension  Rupture) 


^ctr  = 0.6  \jfcu 


.■  F- 


M*  y 


M= 


F * l 

y 


at  cracking 
F at  point  ® = F^tr 

:.  Moment  at  this  case  = M 


cr. 


AM 


cr. 


y. 


yt 


r i 

i- 


N.A. 


• • 


• • 


I® 


Mcr=  Cracking  moment 

Ig  = Moment  of  Inertia  around  N.A. 

( For  virtual  sec.) 

V f = Distance  between  N.A.  to  extreme  tension  Fibers. 
( For  virtual  sec.) 
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At QY'  LJ^iJd4  J LtJU£> 

* Jl  J <JLLu4  AjLwiJjaJU  ^ uJI  UjbwU  <-9 Ja*»  jxJI  <xoJ  ^ 


n = 


E< 


2*10  _ 10 


Ed  4400  \[fZ 


J\  V-XmA»Q  - ^ 


— ^4(j (n—  i)As+  (ti—  /)j4sv  (J-olSJlj  v LLJUL!  a_>. L-cuJ I ^ (Utp.*)  _ y 


Tension  Side 


jl^i  ^ yt  = yv  -V 


/ =/  J^l£Jb  (j  lj  Vi  J I ^LLlLU  jsIjJI  j^laJ!  ^jx-  ja  j / _ & 


rctr  = 0.6 


Fctr  .0 


- *1 
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Example. 


Data . 


Mega  Pascal 

/ 


F = 25  N\mm  - 25  Mp  a 

vU* 


St  360/520 
Req. 

For  the  shown  Cross-Section 

Calculate  M cr. 


450 
500 


L 

50 

■ r 


• • 


L 


• • 


4 <#>22 


250 


J 


Solution. 


2*10 ' 


0 t = 

Ec  4400  \[25 


As=  4 $>22  — 4 1*^1]  = 1520 

— > n=io 


mm 


^*-250— -j 


— 9.09 


Av=  Ac  + (n-  /)i4s 

= 250*500+  (10-  1)  (1520)  = 138680mrn 

(g)  y a-  250*  500*  250 + (10-1)  (1520)  i^)=230t27 

t i Qo/jon 


50\ 


Tension  Side \ 


mm 


138680 

3 


@ I gross  — 25°*  500  + 250*  500  (250- 230.27)  + (10-  1)(  1520  ) ( 230.27-  50) 


12 

= 3097388472  mrn 


•^ctr  =0.6  \/^7  =0-6  V^25~  = 3.0  N\ 

M ^tr*_  Ig^  3.0  . 309738847 2 40353347.9  N. 

cr  

yt 


mm 


230.27 

40353347.9  N. mm 


10 


6 


— 40.35  kN.m 
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Example. 


Data. 


Req. 


F,  — 25  N/mrn  =r  25 Mpa 
st  360/520 

Calculate  M err . 


_L 

50 

r 


450 


500 


50 

■ r 


L 


• • 


2 #22 


4 #22 


250 


J 


Solution. 


Aa=  4 §22  = 4 = /520  mrn 

4 * 

= 2#22  = 2 [*^]  = 760  mrn 


IF  A$<o.2  -4s  We  can  neglect  A$ 

A&  760  o,50 >0.2  We  cant  neglect  A$ 


p-250-— | 


_s 

s 


A ( /520 


450 


2*/0' 


= 0.00 


-►  n-/o 


© n=  ^ = 

Ec  4400  \j25 

® Av  = b*t  + (n- 1 )A8  + (n-  i ) j4S' 

Ay  = 250*  500 + (10-1)  (1520)  + (10-  1)  (760)=  145520 mm 


50 


r 


j 


50 

760 

1 

+ 

1520 

T 

Jj 

\ 


Tension  Side \ 


<g)  y = 250  * 500  * 250  + (l  0 - 1 ) (1520)  (SO)  +(10-1)  (760)  (450)  =240g  mm 

* lAczon 


0 

I 

_ 250*500' 

gross 

12 

Fctr  = 

0.6  V^cu 

® Mw  - Fctr*  Ig 

145520 

2 2 
WO (250 -240.6)+  (10-1)(1520)  (240.6-50) 

+ (10-  1)  (760)  (450-240.6)  3412106414  mm 

> V 25  = 3.0  N\mmZ 
°- 3412106414  = 42544967.7  N.  mm 


Vt 


240.6 

42544967.7  N.mm 


10 


6 


= 42.54  kN.m 


© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 
Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) 


Behavior  of  Beams  under  Bending 

Page  No.  26 


Example. 


Data . 


= 25  N/mrn  — 25 Mpa 
St.  360/520 

.—^1  Calculate  M cr. 


_ 


4900 


3|  4#  /2 


120 


900 

780 


8 <ff>  25 


300 L- 


Solution. 


i 


As=  8 §25  = 8 [*  l2£ ] = 3927  mm 

-2 

4S'=  4§12  = 4 [«^]  = 452  mm 


2 


2 


IF  A$<0.2  As  We  can  neglect  A$ 


v_s 

La 


531 


A 3930 


0.135  < 0.2  We  can  neglect  A$ 


® n = 


E8 


75X 

! -1  300  L- 


-1900- 


3927 


120 


780 


2*10 


= 9.09 


-►  n=io 


75  mm 


& 


E c 4400  \j~2Q 

® Av  = Ac  + (n- l)As  = 120*1900 +780 *300+ (10-1)  (3927)  = 497343mm 
y _ 120*  1900*(780+60)+780*300*(rir)+(l0  -1 ) (3927)  (75)  __  ^ g 


mm 


@7  = ,900’ 

gross 


12S 


497343 


2 3 

+ 1900*120(780+60 - 573.9 ) + 300*780 
12  12 

7802 


4 900 - 


2 


+ 1 

I 

= 573.9 

u< 

+ 

3927 

+ 300  *780  (573.9 -?4&)+ (l  0-1)  (3927)  (573.9 -75  ) 

= 44992510490  mm 

® Fotr  = 0.6  \/^7  = 0.6  \[25~  = 3.0  N\mmZ 

® Mor=  i<s1nr*  In  = M 44992510490  = 2351 93468.3  N. mm 
— 573.9 

Vt  =235.1 9 kN.m 


] J/-20 


780 


300 
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Example. 


120 


700 


120 

580 


.50 


1 4022 

I 

r 


-1200 


i 


4 22 


700 


580 


.50 


L 


8<tf>22 


200  Z00^00^Z00^d0 


r 

400— 400— *—400— 1 


fTe  can  convert  the  Sec.  to  an  easyer  Cross— Sec. 
and  has  the  same  properties.  ( Area  ,y  ,As,c,  1 & M cr.  ) 

Data. 


F.  = 25  N\ 


2 

mm 


cu 


st.  360/520 


For  the  shown  Cross-Section  Calculate  M or. 


Solution. 


As=  8 §22  = 8 [£±JL]  = 3041  mrrC 

*.  n = io 


(7)71=^-  = — Z*10  = 9.09 

Eo  4400 

@ Av  = Ac  + (n-  1)AS  = 120*1 200  + 580  *400+  (10-1)  (3041)  = 403369mm 

I 1200 

580  ' 


1 


@y  _ 1200*120*  ( 580  + 60)  + 580*  400*  ^+(10-1)  ( 304 1)  (50) 
* 403369 


— 398. 7 mm 


398.7 


Jo 


I 


+ 

3041 


\2120 


580 


400' 


q g 3 g 

I = 120®*120  +1200*120(580+60-398.7)+  400*580+400*  580 (398.7  - 5£P) 
gross  12  12  2 


+ (10-  1 ) (3041)  ( 398. 7 - 50)  =211301 15740  mm 
® K tr  = 0.6  \/^"  =0.6  \J~25~  = 3.0  N\mm2 

® Afcr  = Ectr*  J g = 8,0 21130115740  _ / 58992594  N.mm 

Vt  =159.0  kN.m. 


Mcr~  1 59.0  kN.m 
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Example. 

Delta.  Jp  _ 25  N\mrn 
cu 

St.  360/520 

= lq\  Calculate  MCr. 


-1000- 


1 


12  #25 


5892  mm 


40 


10 


00 


‘-2 50 -1 


Solution. 


© n=  = 


2*10 


As=  12  § 25  = = 5890 

— ► 71=10 


mm 


= 9.09 


Ec  4400  \[j>5 

&Av  = Ac+(n-i)A  Ssr  140  * 1000+  860  *250+  (10—1)  (5890)  =408010  mrn 

4000- 


Vt  —330^86 


50 


i 


1 


£ 


5890 


(3)  y _ 1000*140  *70+250*860*(^+  1 40)  + (1 0 - 1 ) (5890  ) (50) 
t 408010 


+ 


1 140 
860 


= 330.87  mm 


-1 250 


3 3 

@ T =.1_000*140_  +1000+140  (330.87-70)  + 250  *m0  + 250*860  ( ^ +140 -330.87) 
w * gross  12  12  2 


2 


+ (10-1)  (5890)  (330.87  - 50)  =39483504630  mm 


® Fotr  = 


® ^or  = 


0.6  = 0.6  \[25  = 3.0  N\ 

*ctr*Ig  _ 3.0  • 39483504630 


mm 


Vt 


330.87 


3579971 40.5  N. mm 

358.0  kN.m. 
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Working  Moment  ( Mw ) 
OR  Allowable  Moment 


JLmJI  AjJ OLSuO  AjUjjifcJ!  Ujllc. 

JS^JL  US'  JUAJI 

-LlUqJ  I AJlI CLXA  fjJ  Aj  (jJ  I 

• JLmjJ  1 A_SlLul>o  JbJLg.  ^ 


- ; iUaJ I (jii  «UL _pJ!  aJ^&.qoj  jU>! 

F* y Jax^aJ  | j f Ju*J  I (jii  Ju  <Jl>J  I <jLl>oj  J Lbl>.  I 

Fy  ^cu  O*  AjUj^-J!  ly>  ,j\  fjlc.  Ojj$*J!  CibU^^I  £>jlj  !i|  j 

. c J^SU  j Uaj|  ^JLgo 

. o i^ycSU  jLsJ8u|  t— ) Jl>o  V £ ~^Ct(  JLit  Cj I jU>  il  (j^Sb  <\ 5 ^JLc-  (J^LCJLd  I JJ 

Allowable  Stresses  (Uj  ol*  ^ 

. c I jjU*?  £v«  <oU»ji*JI  j JuJlsJI  <jJx.  jSjp  ^jSJ  Uj  ^ulwu  C)ljU»>i  jjSt  Lai!  (^1 

Allowable  Stresses  For  Concrete  — 

Allowable  Stresses  For  Steel  = 


Feu  W 

18.0 

20.0 

25.0 

30.0 

35.0 

40.0 

Fq  (N\rnrn} 

7.0 

8.0 

9.5 

10.5 

11.5 

12.5 

Fy  ( N\mrn ) 

240 

360 

400 

Fq  (N\rnrn^ 

140 

200 

220 

Egyptian  Code 
Page  {5—2) 
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Egyptian  Code  Page  ( 5—2  ) 


# 

uujA  \M j {JjjlulIII  dtl 

i &jt.L jl  Lfljj  t A Jsj  sJoaaJI 

30 

25 

20 

18 

feu 

A-ajliLa 

7 

6 

5’ 

4,5 

f CO 

(e-emin) 

10.5 

9.5 

8.0 

7.0 

fc 

0.9 

0.9 

0.8 

0.7 

9c 

s.j\  Lull  (jjjj 

0.7 

0.7 

0.6 

0.5 

qc 

c-Ls-acSO  gJ  (jjAJ 

2.1 

1.9 

1.7 

1.5 

92 

£—***■  ts— a 

(l~  JXlj  ^1)  *1^1 

1.0 

0.9 

0.8 

0.7 

9cp 

t.  .AjII 

iV  jail  uoL-all 

140 

140 

140 

140 

fs 

240/350  ^>^-1 

160 

160 

160 

160 

280/450  ^ -2 

200 

200 

200 

200 

360/520  i-i^-3 

220 

220 

220 

220 

400/600  vl— -4 

160 

160 

160 

160 

ijJL\  450/520 

220 

220 

220 

220 

LlaVj.j'vi.ll  jt  j5 
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Working  Moment  Mw  Jl  j 


j Jl)  iJlxJ  1 

Allowable  Stresses 

Mw  JbJL>o  v-jlLLu  j pLLuaJS  LuiaXJ  LoJlIc-  <jii 

_ : J*JI  .U^  ^ 

Modular  ratio  after  cracking  Ti  — 15  jii-u  - \ 

N.A.  Jl  ,jl£.  JbJL»oJ  . Y 

LxC^aJl  4jkl>>  (j-o  fjjZj  j Z <xli3  uiwuo 

S’,.,.  — Zero  <jL  dilj  j 


1 

z 

1 

mmm?A 

■i 

nd 

Z-ds 

£ 

L 

~N.A.( 

d t 


nv 


l/^IdJI  J ) |»3-C  jX  J I Yiy  4-OJ.3  - r 

AT.i4.  J!  JUJJI  lLU1U 


JdfwyoJI  fjS  ‘OLo jiJI  fjlc  Cj I jLfcjv *^1  Jxuso  (jjJI  j»jxJf  ‘LflaJ  <_ 


1*420 


-i 


,/^L  JLmJI  <jj  JudpJI  (jJx  loljlfexVI  J-f«po  ^jxJI  ‘LtsJ  C-l*420  _ 0 


-L>X»^aJ I JuJlpJI  ^Jx  Cj|jlfe>.VI  Jx*po  (jJJI  ^jxJI  <L«aJ  <_j 

( Oj) i!o>< . oJLft  J Lciftt ^ ^5uM  ) 


-n 


^LLoll)  M^wss  * Mws  j M ’wc  0*  _ V 
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Example. 


2.5  P 


1.5  P 


1.5  P 


X i y 

H H 

l-2. 25 -J- 5. 0 5. 0 --2. 25 ^ 


Data. 


7018 


800 


^300^ 

Sec.  (2-2) 


3&16 


800 


6 022 


L 300 ^ 

Sec.  (1-1) 


neglecting  0 . 7F. 

^=*5  =360  N\mrn 

Req. 

Fined  the  allowable  working  loads  Pw 
acting  on  the  beam . 


Allowable  stresses 


F = 25  N \mm 
cu  ' 

fy  — 360  N\mm 


>•  ^ =9.5  N\mm 

ig  — 300  N\mm 
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Solution. 


Sec.  0 


As  = 60ZZ  = 8 [JLuJI]  =■  2280  mrri 

4 2 

Ai=  3016  = 3 [?L£if]  --  603  mrri 


(7)  Take  n=i5 

Get  Z by  taking 


<S 'nv.  — •S'nv. 

above  ( N.A. ) under  (N.  A) 


b (z)  (#)+(«-- /)  A#  (z-cT)  = n As (d-Z) 


2 

300(Z ) (4-)+  (14)(603)(Z~50)  = (15)  (2280)  (750- Z) 


50l 


800 


£01 


L 


3016 


6 022 


300 


J 


r L ^ 


603 


750— Z 


2280 


Z = 298.3  mm 


s Getlnv=  hZ3  +(n-i)As^(z-dsf+nAs(d-Z) 

3 


Iny  - 300(298.3)  +(14)(603)  (298.3  - 50) +(15)  (2280)  (750  - 298.3) 
3 


2 


= 10152758140  mm 


(?)  Mwc  = * Inv  = 9,5:..;  10152758140  = 323336246.6  N.mm 

Z 298.3 

— 323.33  kN.mm 

(Fs\  * 10152758140  ___ 

(£)  M».,0  - m ' ™>  _ \ 15  J — 299690300  N.mm 

WS  ?*{)—  OQD  Q — 900  V V.AT 


d-Z 


750  - 298.3 


= 299.7  kN.m 


\Mwl  - 299.7  kN.m  \ 
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Sec. 


p3O0~| 


As=  7#18  - 7 [iL naimw? 

(f)  Take  n=15 

Get  Z by  taking 


> nv . — •S'nv. 

above  0V..4.)  under{N.A.) 


b(Z)(j '-)  = nAs(d-Z) 

300(Z)(y)  = (15)  {1781)  (750  -Z) 

| Z = 287.1  mm  | 

Ce<  Inv  = hZ3  +nAs(d-Z) 


7 $18 


1781 


\—300^ 


Inv  = 300  +(15)  (1781)  (750 -287.1)=  8090856524  mm4 

3 


@ Mwc  - L £ nv  = M ::  3090856524  _ 267722525  N. 

Z 287. 1 


mm 


= 267.72  kN.m 


(^)  Mws  =■  XL 


8090856524 


d-Z 


750-287.1 


233048362  N.mm 
233.05  kN.m 
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Actual  Moment. 


1.5  P 


2.5  P 


1.5  P 


1 


'-2.25-' 


2.75  P 

>- 5.0 

5.0 ■* 

££5;=®  M = 2.875  P 

act. 

To  Got  Pw , 


2.875  Pw  =299.7  kN.m 


1 


2.75  P 

*-2.25-* 


■>  PW1  =104.24  kN 


Sec. 


M = 3.375  P 

act. 


To  Get  Pw > Myj 

3.375  Pw  =233.05  kN.m 


*-Pw2  =69.05  kN 


Pw  For  all  the  beam  is  the  least  one  of  PW1,PW2 
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Example. 


900 


1 


© 

!"►  W = 90  kN\m 

I I I I I I ~1 — I 


u 

®-z 


Too[ 

500 


J 


Data. 

Fcu=25  N\ 

Req. 


mm 


Fy=360  N\  mrn 


^6022 


2022 


1-200-1 

Sec.  (1-1) 


Fined  the  maximum,  design  length  For  the  cantilever. 


Solution. 


As=  6022  = 6 = ^80  mm 

2 

As' = 2 022  = 2 [JLiJI]  = 760  mm 

4 


■i 


500 

425 


Allowable  stresses 


Fcu  = 25  N\mrn 
Fy  - 360  N\mrn 


F - 
FB  = 


9.5  N\mrn 
200  N\mrn 


2280 

i 

i 

m 

J 

50 

— I200l— 
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© Take  n =15 

Get  Z by  taking 


Snv.  — SViv. 

above  ( N.A. ) under  (N.  A) 


t 

5bo 
425 


b(z)  (£)+(n-i)  As'  (Z-ds)  =n  As(d,-Z)  - 
200(Z)  (■§■)  + ( 14)(760 ) (Z- 50)  - ( 15 ) (2280)  (425 -Z) 


.2280 


-J 200 L- 


' 1 

J ^ 

50  I 


2^-  224.0  mm 


Get  M3  +(n- 1)  A#  (z-dsf  + n As(d-Z) 

3 

g 

Inv  = ^00(224  0)  + (j4)(760  ) (224.0  - 50)  + (1 5)  (2280)  (425  -224.0) 

= 24531 45773  mm 

(4)  Mwc  _ Jc  *^nv  2453145773  _ / 04039664.5  N.mm 

Z 224.0 

= 104.04  kN.m 

®9„  (H)*Inv  *2453145773  „ 

m ' =\15  J = 162729404.5  N.mm 

di-Z  425  ~ 224'°  = 162.73  kN.m 


Actual  Moment  = 

M = mLZ=00Lz  = 45  I 

act  2 2 


W = 90  kN\rri 

l I I I I I I ~i 1 


J 


To  get  the  maximum  design  length  — £j 

M =M 

act.  W 


45  L = 104.04 


w 
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Example. 


2000 


1 


r 


Data. 

l/50( 

1^=25  N\mrn  10 

00 

F.  = 360  N\mrn 

20025 

L*ooJ 

Calculate  M w 


2 

As=  20  #25  — 20  [_n±25~]  =r  9817mm2 


Allowable  stresses 

Fu  = 25  N\mm2  ► 

Fy  — 360  N\mm2  ► 


Fq  - 9.5  N \ mrri 
Fs  = 200  N\  mrri 


To  know  IF  Z is  bigger  or  smaller 
than  the  Flange  thickness  = 150  mm 


Snv.  { above  ) =150*  2000  * (75)  = 22500000  mrn 
Snv.  {under)  = 15  * 9817*  {800)  = 117804000  mrri 
v Snv.  {under)  > Snv.  {above) 

Z>  1 50  mm 


950 


800 


-2000- 


9820  mm 


9817  mm 
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-2000- 


(f)  Take  n =15  ^15° 


Z- 

■ 150 

SiH 

Z-151 

L 400 J 

2 

950- 

-Z 

1 

9817  mrri 

iJ  Z-75 


Get  Z by  taking 


Snv.  — *Smi. 

above  ( N.A. ) under(N.A.) 


(2000)  (150)  (Z-75)  + (400)  (Z~  150)  ( 


Z-  150 


Z = 345.9  mm 


r 


= (15)  (9817)  (950  — Z) 
-2000 


i 150 
345.9 

195.9 


1 


^ J 270.9 

m 97.95 j 


Inv  = E°°m+woo)(,soH2ro-°f+  w(l!>5!,)~ 
12  3 

+ (15)  (9817)  (604.1)  = 77319715230  mm 

@ MwcJ^FQ  T-Sec. 

Z 

= ® 773361 37390  __  1416003287  N.mm 
345.9  _ 1416.O  kN.m 

K/T  (— ) * I rw 

(^)  s = Tk 


d-Z 

(■jjp-)  * 77336137390  _ 


950-345.9 


© | Mw=  1416.0  kN.rn\ 


1706916899  N.mm 
= 1706.91  kN.m 
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Introduction  of  Ultimate  Moment. 


Types  of  Failure  For  Sections  subjected  to  B.M.  only. 


^ stress 

( N\mm2  ) 


Stress— Strain  curve 
For  concrete  in  compression 


cu 


2 p 

— i r 


CU 


0.002  0.003 


Stress  Stress— Strain  curve 


c _ Fs  _ Fs  c _ Fy  _ Fy 

s~  Es  - 2.10s  ’ °y~  Es  ~ 2.10s 

when  £s>  S.y  > Fa  = Fy 
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Typ  es  of  Sections  at  Failure. 


@ Under  Reinforced  Sections.  <4^  ^ 

Fy  <J  <LojULo  <^JI  Jb jl>J I «Lx$  j 

* Fq^  LaJ  a^ojULo  (jJI  <blw (J^a»  joJ  L<ub.> 

Have  a ( Ductile  Failure  ) 
or  ( Tension  Failure ) 


Balanced  Sections.  -Ua-^x.  jdjlJI  <u«£ 

V H 

CjlSjJI  fj*i i£j  <jJ  Fy  <J  *Lo jULo  fj}\  JbJLxJI  jL&>. VI  <-xS  j 

* Fcu  LaJ  A^o^ULo  ij^as  l I 4bLwij^Jt  (jJx-  jLftkjxVI  4bJ  ^jJi 


Have  a Brittle  Failure  ) 
or  Balanced  Failure ) 


^l>»LLo  LxJfcj 


(3)  Oi>er  Reinforced  Sections.  oj±£  jbJbJ! 

Fcu  LaJ  ^Ldf  <j;JI  jLfcd.^1  J^aj  <jl3  j 

Fy  4j  ^IjU  ' ^J I JbJbJl  ^ J £»  jl  Jjl$ 

Have  a Brittle  Failure  ) 

jLxajI 

or  Balanced  Failure  ) 
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(7)  Under  Reinforced  Sections. 


Fy  <J  jULo  (j}\  Jl>Jl?JI  ^Jx.  jL«u » :fl  <..3  j 
. Fq^i  <-ojULo  (jJI  jU^  il  <J^aj  |oJ  Lau-u 


(Ductile  Failure ) 


jLajVI  Ja3  IjjSS'  <A>*  Jjjj 

. ££>*Ul©  j-jX-  jLxfcj  J^aiJ I jLxajVI  fjub  j 


. *\  x '■  '''  *UjJS  /,  <&  <j  juJlsJ!  <sjS  ,\V  Under  Reinforced  Section,  J 

M • M W ^ • M ••  W 


Fcvl  U jU  .J  ^11  -CU>JI  J*S  Stress  (iV\mm«) 


^.-Jv 


Stress— Strain  curve 
For  steel  in  tension 
& concrete  in  compression 


Strain 


0.003 
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(2)  Balanced  Section. 


Cjl3^JI  J? y <J  <Lo jULo  <jJ  1 JbJLxJI  <jJx.  tJ^u  <-i3  j 

* Fq^Jj  LaJ  <*o ^UU  (j^ast  fjJ ) <jJx-  jLblxVI  A 3 ^JJ! 

« -Lir^xJ I <■&■>.  jLajfcj^- 1 £>  Jl>o  ^ 

* J^ai-o  jJX.  liufc  j 


Brittle  Failure ) 


-VL- 


t 


/ 


// 


/ 


deflection  Jl 


t ^ y ,i^*j 


-VL- 


jLajVI  <^JI  I^Ujj  Jl>Jl>J!  j <jLojJ»JI  <jV  Balanced  Section.  j 

( ^Jjl^JI  fj~3  « )jJl>J!'  Ojjlj  aJ Lsw  ojufc  j)  LoLoj  cjlSjJI  (jrfJL&j 


F^Qryj^  ^*J  jU>|  ^dSl  ^Jl  J^3 


t^Jj,  jljJLsJI  Jj*0j  C»Sj  (j-xij  ^5 


stress  (jV\mmM 

* Stress— Strain  curve 

For  steel  in  tension 
& concrete  in  compression 
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(5)  Over  Reinforced  Sections. 


Fny,  VaJ  ^Jl  ^Jlfc  jU>VI  J^O)  ^ 

<J  tCo^LL«  ^Jl  Jl) Jl>J I fjh.  jLftL>»VI  JUs-  ’ (jt  ^JjlS 

• JaL^J\  (Jii  jUajI  JjlS  1a>.  j-iX^  Jo j-X  oJ^d  J 

. jl_JJfcjVI  <Jjl9  (JlLx&J  V <J  V I JL»»  ^£1**}  jLaj&j  VI  <j-o  ^JjJI  ijUb  J 


Brittle  Failure) 


-\L~ 


la>.  Jejt-J/ 


// 


deflection  Jl  «Uu3 
Ijbk  <Uj 


— *-*- 


. o j±£  «u  JbJL>JI  jjV  Over  Reinforced  Section.  j 
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Under  Balanced  Over 


Under 


Balanced  Over 
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Strain  Diagram. 


JjumJI  Jj  . Ikili  Ji  yl  ^ ' *** i'"  Elastic  Thcovy 

• JL£J  JJfiU 
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(7)  Under  Reinforced  Sections . 


Strain 

Diagram 


(ft)  Balanced  Sections . 


( 3 ) Over  Reinforced  Sections. 


note 


Cu  Cfc  < C 


o 
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Stress  Diagram. 


Normal  Stress  diagram  J! 

Stress- Strain  curve  j Strian  diagram  o*  ^5"  <> 


1 p 

0.003  3 Jcu 


Strain  Normal  Stress 

Diagram  Diagram 


W*.  4j!jlJ!  <jJ  jIS*  j JUJi  stress  Jl  JjIs  Strain  Jl  L*aic.  «uloJI 


Diagram  Diagram 


Fcu  ^1  j dU  Stress  Jl  0.002  ^Jl  Strain  Jl  vn*. 


Stress— Strain  curve 


Strain  Normal  Stress 

Diagram  Diagram 
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Co|isa 


J*>  j Stress  Jl 


j jLtiVI  ^ fjuS  0.003  i*JI  Strain  Jl 


Strain  Normal  Stress 

Diagram  Diagram 


2 f 

3 ±cu 


Normal  Stress 
Diagram 


I <^>Lwx«  c_>Lwo»>  Ijjjl  IjI  IajV  ^-c«o  J-oUsJ!  t _ \ c.  9 I JJ  si<#  Stress  Jl  ^JSuw*  jjV 

• J-oLSkJI  ^IJl>ju*>I  <LLo>w«JI  JbJL>o  jf 

Equivalent  Stress  diagram  t>iLSlo  Stress  J uLLuJI  CsLL^JI  111 

wllLuxi  I (JL$  (jjSj  (JfSj  JUJLsUkO*S  (J5u£>  (jJx- 

j^I^VI  Stress  Jl  «q>.L<ju»  ^511  ^ 

(^L>VI  Stress  -II  >»  < 


© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 
Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) 


Behavior  of  Beams  under  Bending 

Page  No.  SO 


jjj3  j <-uill  Cc  <L&»* 


CL=0.8C 


0.4  C j~~ 


Cc 

N.A. 


Equivalant 
Stress  Diagram 


Actual  Stress 
Diagram 


0.4  C jl£j  ^ «uW!  <1^J\  ^\£»  u-*ii  ^ jjjj  Equivalent  Stress  Jl  aJU^o  jj$>  ^ 

( Ct  — 0.8  C ) Ct  Equivalent  Stress  Jl  Ul 

J^LSiJL  Stress  Jl  Equivalent  Stress  Jl  <uLm  j 

“ Feu  Equivalent  Stress  JJ  ajjIIII  a-«1II  0* 

3 

. | g=o.a  cl  |c=  /.£5  ct] 
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(?)  Under  Reinforced  Sections. 


Strain  Equivalant 

Diagram  Rectangular 

Stress  Block 


(2)  Balanced  Sections. 


(3)  Over  Reinforced  Sections. 
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For  Beams  at  Failure. 


jjx-  ojIjlc-  stress  jj  ^ v jLu&jVi 


Normal  stress  Ji  <JjLc-«  IjI 


C)J^  71  j .Ag  J ./"^P  J IjW  * ^7W  ^JLIaSJl  ulL>  j^JbJb  ^ 
» JaA3  (jjjJjlxwo  ^IJlsnjuoI  VI  £uisu**»j  jLy&jVI  IjJ 

(7)  Equilibrium  Equation. 

(2)  Compatibility  Equation.  JoA^ 


j Jo£wv<9  LLpaJI  ^JLc  jjJ3  0 ^3  uLoaJ 


Compression  on  Concrete 

/ 

f/ 

Cc  — Stress  *Area  — ^ * (<X*6) 

O 

Tension 

/ 

/ 

T = Stress  *Area  = FL*Ao 
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(7)  Equilibrium  Equation . <JjIc-o 

^L-ij  ‘Ua.jUJ!  ^yU!  jt  i_po  jji»  JjSj  j£J  tlL3  <^3 

External  Normal  Force  - Zero  Ci\y&\  Au^jUJI  ajj^>*JI  j^ill  jV  j 

jiUd  Uiuf  pUaUI  (jJx>  Ojjjj»JI  AakldJI  AjjpvJI  (jjjDI  j^Soui  13 1 

.'.  Compression  Forces  + Tension  Forces  — Zero 


@ Without  Compression  steel . 


Cc  = Stress  * Area  — 
T - Stress  *Area  — 


(a*b) 


a» 

/’or  all  types  of  Sections 
Under  * Balanced  Sc  Over 
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(5)  With  Compression  steel. 


Cc  — Stress  *Area  = ^ Fu  * (ct*  b) 

O 

Compression  on  Steel 

/ 

Cs  = Stress  *Area  — *.4^ 


71  — Stress  *Area  — 


JUfctfUj 

FSs  = Fy 


• • 


a 


.Z1* 


/’or  aii  types  of  Sections 
Under  * Balanced  & Over 
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(2)  Compatibility  Equation.  (AjlisJOjiljill  aJjIx-* 


iIjJjLo  «uli3  Ja£.  ^ Strain  diagram  Jl  J5l£>  (> 


0.003 


0.003 


£ s+0.003 


-£9  Jo.003  — 


&8+0.003 


0.003 


d 0.003  + Bt 

• Ov- 


uJlxJI  <jL  IjA 


0.003 


Balanced 

V 


.For  Balanced 


Ea  2*1  os  & 0ver  only 

s 


c_ 

d 


0.003 


0.003  + 


s 


600 

600  + K 


s 


2*10' 


C =1.25  CL  = 


600 

600  +FC 


* d 


a,  Fs 

Balanced  Sc  Over  only 


\ 


\ 


\ 


Jek 
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Calculation  of  C& 


From  Compatibility  Equation. 


Balanced  Sc  Over  only 


For  Balanced  section  Fs=Fy 
For  Over  Reinforced  section  Fs<Fy 


For  C = 


600 


600  +FC 


* d 


When  we  take  Fs  = Fy  it  will  be  For  Balanced  section 


• • 


• • 


#*#  When  CU<Cb  ► The  section  is  Under 

When  C'u  — C b ► The  section  is  Balanced 

When  CU>  Cb  ~ — ► The  section  is  Over 
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{Mult) 

Calculation  of  Ultimate  Moment. 

bf  <jlS  (jJJl  fj-cJ!  jA  <jf  . jLaj^I  jA 

max  stress  or  max  strain.  J1 

max.  stress  ( Concrete ) = F„ 
max.  stress  {Steel) 

max.  strain  {Concrete)  — — 0.003 

max.  strain  {Steel)  *"  V V 


cu 


= F 

±y 


" E. 


2*10' 


Note 


How  to  Determine  MuU  For  a known  Section. 


T=FS*  As 


a*b 


MuU  = M at  point  ® 
.1 M at  point 


d 


r 

a © 

L_ 


ILF 
3 cu 


d-f 


T=F„  A 


S "8 


(-) 

<- 


Mult  cl t point  ® = Cc  (of — Q ) 

= §Fcuab(d-*) 

MuU  at  point  © = T(d-Q)  = Fs*As  (d-jjt) 
But  a , Fs  ??  Aiave  to  get  a a f ^s))  First. 


© 
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To  Calculate  Muit 
® With  Tension  Steel  only . 


© Get  Cb= 


600 


600  + F 


* d 


d 

l 

1-  a 
L 

d 

_ a 
2 

T 

£.  F 
3 cu 


Use  equilibrium  equation,  Cc  = T 

fFcu  , (a*b)  =AS*FS  — a,Fs=  ?? 

Assume  Fg  = Fy  ^ ( under  reinforced  or  Balanced  Sec.) 

(a*b)  = As*  Fy  — ► Get  a — ► Get  C=  1.25  CL 

Check  c 

* ffC<C6  — > The  Section  is  Under  Reinforced  or  Balanced  Sec. 

and  the  assumption  is  right  F^  _ Fy 

O sr 


* C>  C&  > 77ic  Section  is  Over  Reinforced  Sec. 

and  the  assumption  is  wrong  F§  j=  Fy 

To  get  the  right  value  oF  CL, Fs 
® From  equilibrium  eqn. 

JFcuab=ASFS  ® <*,  = ?,  Fs  = ? 


From  compatibility  eqn. 

600 


c = 1.25  a = 


* d 


600 + FS 

From  eqns.  (T) , (£)  Get  CL>  Fs 


<D  a = ?>  F„  = ? 
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* 


Cl 

c 

CO 


+ 

c 

o 

CO 


II 

*0 


o 


Ho 


• 

0 

Q> 

CO 

1 

a? 


s- 

5 


6> 

11 

&? 

t 

(O 

A 

CQ 

CO 


3 

cc 

&3 

b 


CSJ 


II 
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Ho 

Q) 

t 


HO 

1 


03  ^H 
k*i 

* 

II 

S' 

* 

^8 

* 

fe? 

<n|oo 


fe? 

II 

r^CO 


■8 

Q> 

0 

*0  *• 

1 

Q) 

ft; 
© 


O 

A 

o 


e 

o 

« 

o 

Q> 

CQ 


o- 


»o 

O 

V/ 

'o 

&H 


fer 

Si. 

&?&» 
§*  e 

0 

1 o> 


2 s 

■«*  s 


<N. 

0*. 

II 

II 

fc» 

ft!* 

•\ 

<N. 

•\ 

(S. 

II 

II 

53 

53 

© 

0 

g 

o 

v* 

Ho 


3 

03 

03 

b 


b 

? 

Ho 

&3 

’£ 

03 

-<2 

HO 


0)  Ho 
Ho 

'b  o 

I * 


C 0 

b5 

II 

.0 

8 


•© 

O 

II 

O 


*8 

Q) 

0 

1 

1*0 

b 

cq 


S 

o 

* 

o 

CQ 


iO 

O 

V 

o 


■8 

03 

Q 

I 

S» 

ft; 

Q) 

*8 

I 


S 

o 

•c* 

HO 

O 

0) 
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I 

I 
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© 

© 

© 


fc! 
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fc!* 
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Ho 
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•\ 
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CM 
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00 

ei 
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o 
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6? 

11 

6? 

Ho 

<2 

& 

£ 

3 

S 

O 


03 

■8 
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53I<n 

I 

0) 

fe? 

II 
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I 
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11 
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1 

rO 

53 
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Example. 


Data . 

Fu  = 25  N \mrn 

St.  360/520 
Req. 


650 


700 
50 


r . 


/600mm 


250 


For  the  shown  Cross-Section 
1 - Calculate  Mult. 

2-  Determine  which  type  of  Failure  will  occur 
For  that  section. 


j 


Solution. 

0 cu= 


600 


b 600  + Fy 


d = 


600 


* 650=  406.25  mm 


Cq  - Stress  * Area  - — Fcu  * CL*b  \ 

3 a 


T = Stress  * Area  = F§  * A § 


d 


From  equilibrium  eqn.  Q = T 


^ Fcu  * ^ “ Fg  * 


Assume  Fg=Fy > ( under  reinforced  or  Balanced  Sec.) 


f (25)  (a)  (250)  = (1600)  (360  ) 


+ a=  138.24  mm 
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© C =1.25  CL  = 1.25  *138.24=  172.8  mm  < Cy 


• • I 77ie  Section  is  Under  Reinforced  Sec. 


and  the  assumption  is  right  ~ K. 

O %7 


I *» 


0 Uy  taking  the  moment  about  the  steel. 

'•  Mult  - Cc*  (d-f)  = f i^ab(d-S) 

=|  (25)  ( 138.24)  (250)  (650 - IMiM  \ 

= 334586880  N.mm  = 334.5  kN.m 


0 0i?  taking  the  moment  about  concrete. 

T.(d- f)  »Fy.^s(d-f) 

=(360*1600)  (650-  — ) = 334586880  N.mm 

— 334.5  kN.m 

Mu„  = 334.5  kN.m  I 
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Example. 


Data . 


Fqu  - 25  N \mrn 

St.  360/520 

Req. 


650 


700 


50 


' L 


4500mm 


250 


J 


For  the  shown  Cross-Section 
1 _ Calculate  Mult, 

2-  Determine  which  type  of  Failure  will  occur 
For  that  section . 


Solution. 

0 cK= 


600 


b 600  + F 

xy 


d = 


600 


* 650=  406.25  mm 


Cq  = Stress  * irea  = — * CL*  b ) 

3 


T = Stress  * irea  = * As 


d 


From  equilibrium  eqn.  (J  = J1 


i-E. 

3 


cu  * CL*b  — p * Ag 


Assume  — Fy ► ( under  reinforced  or  Balanced  Sec.) 

— (25  ) (a)  (250)  = (4500)  (360  ) ► a = 388.8  mm 

3 
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(g)  • C = 1 .25  a = 1 .25  * 388.8  =486.0  mm  > C 


and  the  assumption  is  wrong  Fs  <F 
To  get  the  right  value  of  d,Fs 
• 4-iL  a b = A-  F* 


3 cu 


S *S 


■ J (25)  (a)  (250)=  (4500)  (Fg) 

. Fs  = o.926  a — ® a = ?,  Fs  = ? 


C = 1.25  CL  = 


600 


600  +F- 

U 


* d 


a = ?,  = ? 


From  eqns.  (7) , (g)  Get  CL  , F& 


S 


1.25  CL  = 


600 


600  + 0.926  a 


* 650 


CL  = 340. 77  mm 


Fs=  0.926  ( 340.77 ) = 315.5  N\mrn 


Fo  = 31 5.5  N\ 


mm 


<K 


y 
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340.77 


Co 


650- 


340.77 

2 


340.77 


^~S5 


4500 


650 


0 By  taking  the  moment  about  the  steel 

Cc- (d-f)  = | Fcua  b (d-f) 

Mu lt  =|  (25)  (340.77)(250)(650-?dLZZ\ 

= 680993348.1  N.mm  = 680.99  kN.m 

0 OR  By  taking  the  moment  about  concrete. 

T-(d-  f)  -Fs-As  (d-f) 

=( 315.5*4500 ) (650 _340.77^  = 6809333963Nmm 

— 680.93  kN.m 

Mult=  680.93  kN.m  | 

ali  jyb  r>JI  <>$  JjiJ! 

• £U***tf  (j;pbU.V! 
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Approximate  Calculation  of  (Mult)  with  Comp.  Steel. 


Us')  dlljub  (jlSj  Mult  t_J  LwOl>.  JulC 

Fs"=Fy  d V JjAmuU 

Page  No.  103  aLJI  >f  *3±  (^4SQ  J>>j  Mult  Jl  yU^J  J] 


£ P 

3 cu 


r 

a 


d-<^ 


d-d 
a 
2 


d 


Cn  = Stress  * Area  - ^ Fcu  * ( b ) 


Cc  = Stress  * Area  = Fy  * ^4^ 


By  taking  the  moment  about  the  steel. 
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Example. 


Data . 


F — 25  N \mm 
cu  ' 


St.  360/520 
Req. 


700 


L 


450  mm 


1600  mm 


250 


For  the  shown  Cross-Section 
1 _ Calculate  Mult . 

Determine  which  type  of  Failure  will  occur 
For  that  section. 


J 


Solution. 


»'«  =0.28>  0.2 


s 


600 


b 600  + Fy 


1600 


* d = 


- Use  A ^ 


600 


600 + 360 


* 650=  406.25  mm 


cu 


Cs  = Stress  * Area  = Fy  * A 


T = Stress  * Area  = Fs  * A 


d 


From  equilibrium  eqn.  (J  = F 


y Ecu  * CL*b  + Ey*  Ags  - Fs*  As 


■>  ( under  reinforced  or  Balanced  Sec.) 


Assume  Fs=Fy- 
4 (25)  ( a ) (250)  + (360)  (450)  = (360)  (1600) 

o 


(X  — 99.36  mm 
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© C = 1.25  a = 124.2  mm  C ^ 

• • The  Section  is  Under  Reinforced  Sec. 


and  the  assumption  is  right  Fs  —Fy 


— F 

3 cu 


0 By  taking  the  moment  about  the  steel. 

K„- Q-  (rf-f)  * c8.  (d-d') 

M~«  -2Fcuab (d- a)  + Fy.As-  (d-d') 


M uU  - ^ 


(25)  (99.36)(250)  (650-9?^^  + 360  * 450  ( 650-50 ) 


= 345732480  N.mm  = 345.7  kN.ra 


• • 
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Note. 


C4S0  Ji  4jfeu>»  J i Jl*>»  ^3 

Oje^  OJ&  (>•  Mult<**s  <j*  AjjUJI  oJb>JI  ,jU 


Exam/ple  Page  6 1 


700 


1600  mm 


L 


250 


J 


Example  Page  67 


450  mm 


700 


1600  mm 


L 


250 


J 
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li 
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Example. 


Data. 

F..  =r  25  N\m/rn 

etc 

st.  360/520 
Req. 

For  the  shown  Cross 
Calculate  Mult. 

Solution. 

®_  600  i oi/i/ 

C- = * d = * 550=  343.75  mm 

0 600  + F 600  + 360 

y 

(§)  Assume  CL  ^ts 


-FS*AS 


Assume  Fs  — Fy >.  ( under  reinforced  or  Balanced  Sec.) 

— (25)  (a)  (600)  = (360)  (3800)  >►  CL=  136.8  mm>£ 

3 / s 

d > t F wrong  assumption  *•  Take  a > fs 


-600- 


100 


600 


500 


—Section 


50 


,L 

r 


3800  mm 
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Take  a > t 


A p 
3 cu 


t 

(X  | 

a-ts 
- i 

^ci 

Ccz 

T > 

d-t8- 

d 2 

l-ti 


3800  mm 


From  equilibrium  eqn.  Ccl  + Cc2=  T 

jfFcu*ts*B  + f Fcu*(a-ts)*b  = As*Fs 

Assume  Fs  — Fy — ► ( under  reinforced  or  Balanced  Sec.) 
f (25)  (100)  (600)  + J-  (25)  (a-  100)(250)  = (3800)  (360) 


— ► a=  188.32  mm  f3  right  assumption 

• . C = 1.25  a = 1.25*  188.32  = 235.4  mm  <cb 

a-tp 


1 F 

3 cu 


and  the  assumption  is  right  F —F 

s~  y 

Muif  Cot  (d-ts)+  Cc2 (d-ts-^1) 


1 


'Cl 


ult 


u 

2 


'CZ 

d- 

ts- 

%-ts 

_ a 

ba  1 

T+. 

co 

ts 


- | (25)  (1 00) (600) (550-lj^+  ^(25)(l 88.32  -100)(250)(550-1 00- 

« 649349120  N.mm  = 649.34  kN.m 
\Mult=649.34kN.m\ 


188.32-100 


) 
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Example. 


Data. 


2 

mm 


Fcu=25  N\ 

St.  360/520 
Req. 

For  the  shown  Cross-Section 
Calculate  Mult . 


5890  mm 


250 


Solution . 


600 


600  + F 


d = 


600 


y 


600  +360 


* 950  = 593.75  mm 


c 


50 


L 

r 


950 


c„J 


Z-F 

3 cu 


J 


5890  mm 


1000 
950 


From  equilibrium  eqn.  Cc=  T 

7T  "^ck.  * CL*  l)  — P * ^4 


250 


L 


Assume  Fg  — Fy > ( under  reinforced  or  Balanced  Sec.) 

— (25)  (a)  (250)  = (360)  (5890)  ► a = 508.9  mm 

3 


'•  C =1.25  a =1.25  * 508.9  = 636.1 


mm 


> c 


The  Section  is  Over  Reinforced  S'ec.l 


and  the  assumption  is  wrong  Fs  <^Fy 

To  get  the  right  value  of  (t,Fs 

■■■  4-£„  ab  = Fs  As  L (25)  (a)  (25o)=  (Fs)  (5890) 


3 cu 


Fs  = 0.707  a 


— ® a = ? , Fa  = ? 
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v C = 1.25  a = — — * d (2)0, 

600  +Fa 

From  eqns.  0 , @ Get  Ob  ,FS 

„ 600  _ 

1.25  a *950 

600  + 0.707  a 


= ?,  Fs  = ? 


CL  = 483.98  mm 


Fg  = 0.707  ( 483.98 ) = 342. 1 7 N/mrn 


Fs=  342.17  N\ 


mm 


<F, 


y 


-Z^ 


. M -%F  ab(d-%) 

ult  3 cu  V 2 / 


r 

1 


4 


950 


'C_  _ 


JL  IP 
3 ou 


5890  mm 


1000 
950 


-^250^- 


MulH  (25)  ( 483.98)(250)(950-*8±- 9*-^=  1427761166  N.mm 


- 1427.76  kN.m 


or 

M -AsFs(d-a) 

Ult  s 8 \ 9 / 


MuU=  (.5890)  (342. 1 7)  (?50  - 4i^  9H  ) = 


1426910114  N.mm 
1426.91  kN.m 


v_«j2lII  Jaii  g>b  fjxJI  iJ±ai£  JjAJI 
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Example. 


J 200. 


i 


i 


120 


700 


580 


50 


J- 

r 


4022 


120 


4022 


700 


580 


—1 200  L* — J-~^oo— -L 


Data. 

Req. 


200 


200 


200 


r 1200 

*1 

4- 

8 #22 

1 

Fgu  = 25  N\mrn 


St.  360/520 


For  the  shown  Cross-Section  Calculate  Factor  of  Safty. 


Solution. 


® cb. 


V«22  - « - 304 ' mrri 

6°°  # d _ eoo 


600  + ./?, 
y 


600  + 360 


* 650  — 406.25  mm 

A 


Assume  a < ts 


2 B» 

L 


CL  < 1 20  mm 


— a 


d-<| 
2 


! 


0 


700 
500 


3041  mm 


(§)  From  equilibrium  eqn.  Cc=  T 400— ^oo— ^oo— 1 


ifIcu*a*B  ~As*Fs 

ssume  Fs  —Fy ► ( under  reinforced  or  Balanced  Sec.) 

f (25)  (a)  (1200)  = (3041)  (360  ) * CL  = 54.74 

C = /.£5  a = 1.25  * 54.74  = 68.42  mm  < Cb 
. jrfcc  Section  is  Under  Reinforced  Secj  and  the  assumption  is  right  Fs  = Fy 

M F aB  (d-%) 

ult  3 cu  v 2 1 

Ku~§(25)(54.  74)  (1200)  (650  54'274)  = 681655324  N.mm  = 681.65  kN.m 


Mult= 681 .65  cN.m 
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Calculate  Mu> 

Fu=  25  N\mm  >■  Fcb  = 9.5  N\mrn 

Fy  — 360  N\mrn  >■  /g  — 300  N\mrn 


S nv.  (above  ) = 120*  1200  * (60)  = 8640000  mrn  QL 

S nv.  (under)  =15  * 2840  * (580-  50)=  22578000  mm3  t 


r 


■4200- 


•Snv.  ~^nv. 

above  ( N.A. ) under(N.A.) 


'mmm 

mm i 

580 

-50 

3041 

J 


120 


580 


( ?)  Get  Z by  taking 

(1200)(120)(Z~  60)+(400)(Z-120)  = (15)  (3041)  (650- Z) 

| Z - 195.86rnrn\ 


i onn 


195.86 


135.86 

37.93 | 


U 400 

T 1200(120)3  w<0flW<0f  J 400(75.86)3 

1nv  = — 4- (1200)  ( 120)  (135.86)  + 

12  3 

+ (15)  (3041)  (454.14)  = 12296731390  mrn 

(5)  Mwc  _ ^cb  *Inv  not  as  T-  Sec. 

w Z 

- 9-5*  1 2296731 890  _ qqs441071. 1 N.mm  = 596.44  kN.m 


— 361026156  N.mm 
=361.02  kN.m 


195.86 

(S' 

) * I nv  | 

(200) 

vn 

\ 1 5 J 

d-Z 


650-  195.86 


(5)  | Mw  = 361.02  kN.m\ 


Factor  of  Safty  = 


Adult  681.65 


M 


w 


361.02 


= 1.89 
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Example. 


Data. 


F.  = 25  N\ 


cu 

St.  360/520 


2 

mm 


650 


700 


Req. 


Calculate  A§b  ( 


S balanced 
To  make  the  sec.  is  balanced  Sec. 


) 


50 

r 


A 


sb 


and,  then  get  ( MuU 


For  balanced  sec 


\~250  J 

) 


Solution. 

For  Balanced  Sec.  C = , CL  = CL^  = 0.8  , Fs=Fy 

(7)  Cl=  — * d = *650  = 406.25  mm 

0 600  + F 600  + 360 

2y 

® CL-  GLh  = 0.8  Ch=  0.8*406.25=  325  mm 


(3)  From  equilibrium  eqn.  Cc  = T 
-^cu  * " ^sb*  Fy 

f (25)  ( 325  )(250)  = Asb(360) 


Aab  = 376 1. 5 mm 


Mb=§  Fou  ab  b (d-^J  ) =§  (25)  (325)(2S0)  (eso  - 826.) 


Mb  ■ — 66015 625 0 N . mm  — 660. 1 5 kN.  m 

orMb-AsbFy  (d-°±) 

Mb=  3761.5  (360  ) (650-3£5_) 

Mb  ” 66015 625 0 N . mm  — 660. 1 5 kN . m 


r 

— ab 


±.  p 

3 o u 


d-  a& 
a X 


= 660. 15  kN.  m 
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Example. 


-1200- 


120 


700 


580 


ti 


-4sb 


ASb 


120 


700 


580 


— L 400  -J 200l~ 

200  200 


-i  4 nnn 

/ /CUU 

" 1 

A 

A, 

Sb 

r 

\~400  400  400— 1 


Data. 


Req. 


Fcu  = 25  N\mrn  st.  360/520 

Calculate  Asb  To  make  the  sec.  is  balanced  Sec. 
and  then  get  Mb 


Solution. 


For  Balanced  Sec.  C-C&  , Ct-  Ci^O.8  C&  , Fs=Fy 


600 

600  + F 
iy 


* d 


600 

600  + 360 


* 650  - 406.25  mm 


(£)  a=  CLh=0.8  cb  = 


0.8  * 406.25  = 325  mmj>  t s 

A 

r* 1200 


L— 400— 1 
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A 

1200 — 


l—400—i 


(3)  From  equilibrium  eqn.  Cc1+Ccz=T 

fFcu*tF*B+  jFcu*(ah-ts)  *b  =Fy*Ash 

j (25)  (120)  (1200)+  J-  (25)  (325-  120)  (400)  = (360) 

A sb  = 10463  mrn 


@ Kf  3 Fu^s  B(d  | ?)+jFcu  ( ab-ts ) b (d-ts-^Af) 

Mult  « f (25)  (120)  (1200)  (650-1^}+  J-  (25)  (325-120^(400)  (650-1 20-32^  ) 

- 2000250000  N.mm  = 2000.25  kN.m 


Ml  = MuU=  2000.25  kN.m 
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(Mu.l) 

Introduction  of  Ultimate  Limit  Moment 


Ultimate  Limits  Design  Method  ^LLaSJI  ^ ^AJI 


Factor  Of  Safty  ^ jlnc. VI  i_a^o  «lLj]£JI  oJiau  ^ 


Factors  Of  Safty  For  Limit  State  Design. 


* F.O.S.  For  Loads. 


F.O.S. 

For 

Dead  Load.  = 

14  1 

) To 

increase 

F.O.S. 

For 

Live  Load.  = 

1.6  1 

i the 

Load. 

F.O.S. 

For 

Dead  Load.  = 

0.9  ~ 

) To 

decrease 

F.O.S. 

For 

Live  Load.  = 

zero  J 

i the 

Load. 

Load  (To  Increase)  = 1.4  D.L.  + 1.6  L.L. 

= 1-5  ( D.L.+  L.L.  ) IF  L.L 0.75  D.L. 
Load  (To  Decrease)  = 0.9  D.L.  + 0.0  L.L. 

* F.O.S.  For  Materials. 


1 - Case  of  Axial  and  eccentric  load.  ( M,N ) 


6c  ( Concrete  ) = 1.5  [ ( ) ~ 1 • 5 

Qs  (Steel)  ^ 1,15 


2 - Case  of  Flexure  only.  (M  ) only 


Allowable  stress  For  concrete. 
Allowable  stress  For  steel.  = 
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Idealized  Stress-Strain  Curve  For  Steel. 
• J d>JJ  JLcJb  r|  J £ fJJL&ti* J1 


Idealized  Stress-Strain  Curve  For  Concrete. 

{JLcJkjVI  j jU>yj  Lc-  ^ixvJ I 


© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 
Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) 


Behavior  of  Beams  under  Bending 

Page  No.  81 


Under  Reinforced  sec . ^LUU!  <jf  <_ 


J 


Properties  of  Under  Reinforced  Section . 


IF  C ^ ^max  — > 0Ver  re^nforce(i  sec-  fcUaiH  JP** 

^ jil)  l«lb  J 


a^ra 


max. 


CL  = 0 8 C 

max.  17  • u v: 


max  A 


• • 


ZF  Ct  ><X  — ► over  reinforced  sec.  p IL3JI  ^u£j 

max. 


^uJI  jib  V Id*  j 
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a > a 


min 


(X  . (>  ^ a check  J**  vpp  frP-^  * ^ 


IF  CL  < CL 


mm 


d 


i 3 CL  mi 


rran 


Take 

=► 


a = a 


min 


Ju  Jl>J  I <±4lT  ojLjj  (jX> 


’max. 


a 


if  As=  A 
if  As>  A 


S 


max. 


>a=a 


max. 


S 


max. 


>a>a 


To  Calculate  A 


max. 


► over  reinforced  sec. 

771GL3C*  ^ 

^XAtoJI  gjjj  hJ  I JUb  j 

^Smaa;=M’  ^ ^ 

maa?*  max. 


Where: 

-*4s 
bd 

A 


V> 


^■wLpjJ  1 JbJ^J  I ^>LwM 
LwJ^xJ  I O*  LmM 


M- 

• 4 


Smax. 


max. 


bd 


Code  Page  ( 4—7 ) Table{  1—4) 
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Egyptian  Code  Page  {4—  7)  Table(l—4 ) 


M-max  &LA\  SiLfl  Rmax  ^ ( \ ” * ) 

Lii  *4*  ulpUail]  cmax  /d  Jblll  &*1\  J\  J>oJI 


*i__iL-a3!  AJjj 

^max  /d 

M-max 

R-max 

240/350 

0.50 

8.56x10  ‘4  fcu 

0.214 

280/450 

0.48 

7.00x10  ‘4 

0.208 

360/520 

0.44 

5.00x10  ‘4  fa, 

0.194 

400/600 

0.42 

4.31x10  4 fcu 

0.187 

450/520** 

0.40 

3.65x10 ‘4  fcu 

0.180 

• T(kVu  fCu  0 “^)  (Jj'iaJJ  ^*4*  * 

, ^ — ^ — Y — t ) AjjJL  pla.  la  e-UiiiJul  £ua  tiUukll  4-utfl^  * * 
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AS'<A 


max. 


IF  we  are  using  A 


where 


A#=  0.4  A 


max. 


N.A.  N-A-  Jl  A s">  A i-max  cutf  iji 

Compression  side  J I <>  \±>- 

o j-oSJ ) <3  v_jl jO  q <11x3  jJ  I (j*x3l  ^-3  j 

• ( <0  Lj  jiJ  I <j^JlmAX3  (j  I ^jSlcuO  ) I Jl>>  < < ^ ^ 


a 


* Vjt  Lbjlijl  x-juxj  ^SlJ  oju 


max. 


= 0.4  As  = | )J.  b d 


max. 


^>Lul 

* #- 


max. 


- 0.4  A s = 0.4  (A  s_  + a s^) 


max. 


...  ^ 


max. 


max. 


= 0.4  ( U bdfis'  ) 

v ' max.  °maar.  / 


max. 


— 0.4  (J»  b d ~h  0.4  A s' 

• /wisv/v*  ty 


max. 


max. 


:.  0.6  As > = 0.4  IX  b d 

max.  # 


max. 


• • 


4 


> - 4 P-  b d 

max.  3 'max. 
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® Mu.l. 

max 

under  reinforced  section  d ji  <0^  ,•>  jaSl  ^ 

Ct  - Ct max  US&  J As  =Asmax  ^ Mtt  t J 


U.L. 

max 


Without  A 


— Feu 
3 5c 


rbn 


Code  Page  {4—7) 
Table{  1-4) 


d 


With  A 


s' 


— Feu 
3 5c 


Ass*=As\ 


Smax 


A s"  = |n  bd 

max.  3 • max. 


Vjl  LmsIjSI  £w* 


1 

CL  max 

Ls 

*r- 

L_ 

Cc 

d- 

T > 

dm 

a 2 

ax 

)-dv[ 


a 


max 


^ a- b (d-o 


3 0 


max  o 9 


A/p.£.  = i?  ^ bd\AS'  f*  (d-d') 

max  max.  x «««-  A_  x / 


max  Us 
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MO 

0) 

& 


Co 


£ 


CO 


* 

6? 

II 

o 

) 

0) 

Co 

4 

c 

) 

6 

4 

0) 

o 

HO 

F 

X CXI 

o 

xo 

5* 

1 

cvi|co 

•e» 

0) 

t 1 

s- 

5m 

■e 

s 

Co 

Q) 

I C»|x5  C^|x5 

£ i,  « 

IS*  »0 


•c* 

1 

af 

« 

c 

> 

) 

Q) 

41 

6? 

o 

g 

1 

XO 

o 

> 

cm|oo 

fcl 

8 

■tt. 

6? 

s 

O 

s' 

£ 

II 

s 

| 

CO 

CO 

$ 

b* 

§ 

s 

c 

> 

© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 
Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) 


Behavior  of  Beams  under  Bending 

Page  No.  87 


Example. 


Data. 


F = 25  N\ 


CU 


2 

mm 


st.  360/520 

Req.  ,, 

Calculate  1VL 


700 


650 


50 


" L 


6<tf>16 


250 


J 


Solution.  . ; 

Ag=  6 #16  = 6[2Ll1£]  = 1206  mrn 


amin  - 0.1  d = 0.1  * 650  = 65 


mm 


am«r=0.s(|)  [ eooT(Fv\6e)  ] * d m 035  d = 0.35  *650  = 227.5  mm 


2 F 


Cn  = Stress  * Area  = — * a * 6 

3 Qc 

T = Stress  * Area  = F&  * A.  a 


d 


2 F 

From  equilibrium  eqn . — * Ct*  0 = A F0 a , F£ 

3 6C  s 

assume  FS  = F/  ( Under  reinforced  Sec. ) 

Ss  ' 

■ 2.  * a*b  = * j4s 

"3  5.  5s 


S 


J-  (^|)  (a)  (250)=  ( 1206)  (-^J) * |g=  1 35.91  rr^Z 
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o.i  d < a < a 

max. 


Right  assumption 


By  taking  the  moment  about  the  steel . 

Mtjt  =4  — a b(d-&) 

u.l.  3 qc  v 2 > 

MU.L.  = J © (135.91)  (250)  (650-  iMM) 

- 219738155.4  N.mm  = 219.73  kN.m 


OR  take  the  moment  about  the  concrete. 


Mu.l.  =Aa  ^ (d-&) 

Qs  v 2 ' 

Mv.l.  = 1206  (©  (650-/35.9/) 

2 

= 219739701.9  N.mm  = 219.74  kN.m 


Mu  L = 21 9.73  kN.  m 


Jaii  jpb  |»jxJ!  JL co3  JjJU! 
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Example. 


Data . 

Fu  = 25  N\mrri 

st.  360/520 

Calculate  My.L. 


700 


650 


50 


L 


250 


J 


12016 


Solution.  a _ r -it  * / « n „ „ z 

12016  = 12  \_K±A&]  - 2412  mm 


amtn  =0.1  d =0.1*  650  = 65 


mm 


= 0.8  (|)  [ 600+(FMa)  ] * d = 0.35  d = 0.35. 650  = 227.5 

2 Fcu 


mm 


Cr  = Stress  * Area  = — — ^ * Ct*  5 f 


3 Gr 


rb~\ 


3 6, 


T = Stress  * Area  = * A 


a 

L 


<— 

Co 

t 

a 

1 

d- 

a 

d 

2 

GO 

2 F , A 

From  equilibrium  eqn.  — — * Ct*  0 — F *AS a , Fs 

3 Qc 


assume  F#  = ^y  ( Under  reinforced  Sec.) 

6S 

Fy 


2-  f™.  a,5  = ±V  » A 


"3  5C  5S 

f ( 7 1)  (a)  (250)=  (-^§)  (24/2) 


CL =27 1.82m 


ml 
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a > a 


max. 


*■  Take  Ot  = (X 


max. 


M„,= 


U.L. 


£j™:  a b (d-^max-\ 

3 Q_  ""ox.  V 2 f 


M„,  = 


~ (jf  ) (227-5  ) i250)  (650-  227 -5  ) 


= 338880208.3  N.  mm  = 338.88  kN.m 
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Approximate  Calculation  of  (Mu.l)  with  Comp.  Steel. 


(As')  Jnr**Jl  cdbufc  My  ^ 

^ JjftMalJJ  <>• 

Qs 

Page  No.  103  <-iUI  L^Sdi-j  <iju  (i4s')  £?  Mv.l.  Jl  wLbOSkJ  J 


Cn  ■=  Stress  * Area  = tt 


2 


CM 


3 5C  * 


(a  b) 


ll 

Co  = Stress  * Area  - — * .4  o' 

s Qs  s 


l?y  taking  the  moment  about  the  steel. 
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Example. 

Data. 

F = 25  N \mrn  st.  360/520 
Calculate  MULt 


700 


450  mm 


1600  mm 


L 


250 


J 


Solution.  ...  4s  _ J§o_  _ 0 28  > Q 2 ...  ^se  ^4 


s 


am<n  ^ 0.1  d = 0.1  * 650  --  65 


mm 


d'max ~ 0.8  ^ qqq  + ^ * 0^  - 0.35  d - 0.35  *650  = 227.5  mm 


Cr  = Stress  * Area  = — * CL*  b r 

**  3 ft- 


* ^CM 

3 5C 


3 5C 

Cs  = Stress  * Area  = ^ * A oN 

bs 


a 

L 


T = Stress  * Area  = Fs  * A 


S 


S 


d-ct  L_ 


d-Q- 
a 2 


d 


1600 


From  equilibrium  eqn.  — * GL*b  + * A = F * A 

3 Qc  s 

assume  Fs  = ^v  ( Under  reinforced  Sec. ) 

2.  *k.a*b  + %*As'  = % ,AS 

3 Qc  5*  5*  s 

f (^J)  (a)  {250)  + {j£ J)  (450)=  (^J)  ( / 000) 


(X ~ 129.6  mm\ 
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o.i  d < a < a 

max. 


Right  assumption 


2 Fcu 


By  taking  the  moment  about  the  steel . 

Mu.l.  + (d-d') 

Uc  Os 

= f {&)  (129.6)  (250)  (650- 1JM)  + (fM ) (450)  (650-  SO) 
■ U.L . = 295193739  N.mm  = 295.19  kN.m 


^ U.L  =295.  1 9 kN.m 
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Example. 


A 


Data. 

F,u  = 25  N\mrn 

St.  360/520 


Req. 


Calculate  m„.l. 


900 


780 


■1000 


2400mrn 

L_ 


Solution . 


amm  = 0.1  d = 0.1  * 850  = 85 


mm 


amo*=  0.8  (f)  [ ] * d - °-35  d = 0.35  *850-297.5 


mm 


assume  a ^ts  a < 120 


mm 


F 

From  equilibrium  eqn.  * a*B  = Fs  * ^4S CL  , F§ 


assume  Fs  = ^y  ( Under  reinforced  Sec.) 

0* 


L*™  ,a.B  = Q • As 
s q0  5S  s 

f (^)(a)  (1000)=  (Mfc)(2400) 

>CL=67.6  mm  <t8  O.fc. 


a 


A 

p 


c£-a 
2 


1 _a 


900 
780 


-50 


9 CL  < 0.1  d .-.  take  a = 0.1  d = 85 


j 


2400  mrn 


250 


nmnm 


Md~  %)  = (-&-)  2400  ( ?50- f- -) 

- 606678260.9  N.mm  = 606.67  kN.m 
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Example. 


Data. 


F = 25  N\ 


cu 


2 

mm 


St.  360/520 

R eV * Calculate  M 


U.L. 


-600- 


100 


600 


500 


5cr 


3800  mm 


250 


J 


Solution. 


® min  = 0.1  d — 0.1  * 550  — 55 


mm 


^max  =0.8  (J0  C 6000+  (/J,\6S)  0.35  d = 0.35  *550  = 1 92.5  mm 


2 F, 


cu 


a*B  = Fs*As a,Fs 


3 5C 

Assume  Fs  — — *.  ( under  reinforced  Sec.) 

Os 


j (f§)  (a)  (600)  = (3800)  a=  178.4  mm>  f, 

a >t<,  wrong  assumption  Take  CL  t a 
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Take  a,  > ts 


_L  F, 
3 0, 


CU 


r 

CL  j — 

a-ts 

_L_ 


Cel 

t 


ft* 

cMs- 


d-  ts 
a ~z 


100 


a—tt 


600 


500 


500 


450 — 100 

2 


250 


a-ioo J 


3800  mm 


From  equilibrium  eqn.  Cc1  + Ccz~T 

- *ts*B  +f  ?f  *(a-ts)*b  = Fs*  As 


5, 


s — — ► ( under  reinforced  Sec .) 

Os 


Assume  F0  — 

s_  5s 

f (ff ) (,00>  (eo°) + § (f§) (a_  ,0°)  (250>  = (77I-)  (3S00) 

► a --  288.24  mm 

— ► Take  CL  = CL  — 192.5  mm 


a > a 

max. 


2 Feu 

3 50 


max. 


a. 


a^-tg 

: L_ 


'C/ 


ts 


3 

m,—ta 

2 

goo 


<L.-/ooj 


mm 


max. 


250 


Kr  ^ %• ' is*B)  ( 1 d-  Is ) ■ + ( i ,( -~ts)  -b)(d~ts-  ) 

MVm-§  (^) (too) (600)  (550-  1M)  + | (H)  (192.5- too)  (250)  ( 550 - 100- 
M = 437074652.8  N.mm  = 437.07  kN.m 

U%Mj% 


2 

192.5-100 


) 


\MUL=  437.07  kN. 


m 


© Copyright  Eng.  Yasser  El-Leathy  2013  . All  copyrights  reserved. 

Downloading  or  printing  of  these  notes  is  allowed  for  personal  use  only. 
Commercial  use  of  these  notes  is  not  allowed.  ( www.yasserelleathy.com  ) 


Behavior  of  Beams  under  Bending 

Page  No.  97 


Example. 


For  the  section  it  is  required  to  calculate  : 

a-  The  Cracking  Moment  (Mor.) 
b - The  Working  Moment  (Mw) 

C - The  Failure  Moment  ( Mult ) 
d-  The  Ultimate  Limit  Moment  ’Mu.L. 
e - The  Factor  Of  Safty  For  Loads, 
f - The  Factor  Of  Safty  For  Material. 

g-The  Global  Factor  Of  Safty. 


700 


804  mm 


2 


2036  mm 


2 


'-250- J 


Data  : E,,  = 25  kN\rn  , st.  360/520 


a-  Mgr 

0 n=  = — — /q5  = 9.09  > 71  = 10 

Ec  4400  \l~25~ 

® Av=b*t  + ('ri-i)As+(n-i)As > 

Ay  =r  250 * 700  + {10-1)  {2036)  + {1 0- 1)  {804)  = 200560mm 


j-~-250-m- 1 


804 


1 50 


650 


2036 


50\ 


T~ 

y 


\ 


\ 

Tension  Side''. 


(3)  y — 250*  700  *35Q+{10-1)  {2036)  {50)  + {10 -1 ) {804)  {650)  =3334 
* 200560 


3 2 2 

0 I = 250* ZH  +250*  700  {350- 333.4)+ {10-1)  {2036)  {333.4-50) 

gross  12  2 

+ {10-  1)  {804)  {650-  333.4)  =9391063167 


4 

mm 


® Fotr  = 0.6  = 0.6  \[25~=  3.0  N\mrn 

© M„r  = ^°tr*  1 = 3.0  * 9391083167  84502668  mm.N 

cr  

a I 333.4  o j er  | iji 

\j+  — 54.5  kN.m 
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b - Mw 


Allowable  stresses 

— 25  N\mrri  > =9.5  N\mrri 

Fy  = 360  N\mm2  >■  Fs  = ZOO N\mm2 

(7)  Take  n=15 


Get  Z 


by  taking 


above  (N.A.)  under  (N.  A) 


b(z)(f)+(n-t)As>-(z-d')  =nAs(d-Z) 

250 (Z)  (y)  + (14)(804)(Z~50)  = (15)  (2036)  (650- Z) 


I z=  270. 1 mm  | 

Get  Inv  = h-Z?  +(n- 1)  ^4 S'  (Z-d'f +n  (d-Z) 

3 

Q 

T 250(270  1 ) 2 2 

JUV  = ^ — +(14)  {804)  {270.1 -50)  + (1 5)  (2036)  (650  - 270.1 ) 

o 

= 6595014217  mrn 


@ Mwc  = 


9.5*6595014217 

270.1 


— 231960885  N.  mm 
= 231.9  kN.  mm 


(—)  * I nv 

(200\ 

vn ' 

V 15) 

d-Z 


* 6595014217 


650-  270.1 


231 46491 9 N.mm 
231.46  kN.m 


Mw  = 231.46  JcN.  m 
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c - Mult. 


Fy  iflLiflJl  Jbvl>>  fjlz  stVBSS  Jl  j£»tj  Jj ft *»n J J *. 


3 cu 


d=  650 


mm 


A 


d = 50 


mm 


b 600 + F 


* c!  s 


-s 


r 


c„  1 


650-^ 


a 


f 

a -50 


600 


L L_ 


600 


* 650  = 406.25  mm 


y 


600  + 360 

From  equilibrium  eqri.  Cc+  Cs  = T 
fFcu.(a*b)+Fy*Ag - =FS  *^s 

Assume  Jg  --  y > ( under  reinforced  or  Balanced  Sec.) 

4 (25)  (a.)  (25°)  + (360)  (604 ) = (360)  (2036 ) 

o 


— ► CL  — 106.4  mm — ► Q — jm25  CL  — 1.25*  106.4  — 133.0  mm  <cb 
and  the  assumption  is  right  Fs  —Fy 

Kr§ Fcuab (d-j )+Fv  Md-d") 

- 1 ( 25)(106.4  ) ( 250  ) (o50  - 1 ' ) + (360)  (804  ) (650  - 50) 

= 438245333  N.mm  — 43fi.2  kN.m 


I Mutt  = 438.  <?  fcjy.  m j 
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d-  Mu.l. 


2_  £cu 

3 5c 


d= 


\ 


d = 


650  mm 
50  mm 


s 


r 


p250— | 


600 


r 

a -50 

L I 


a 


650~ 


i 


2036 


amin  = 0.1  d = 0.1  * 650  = 65  mm 

^max  = 0.8  (J-)  [ 600+  (Fy\Za)  ] * 0.35 d = 0.35*650  = 227.5  mm 

From  equilibrium  eqn.  Cc+CS=T 
F _ Fy 


s = Fs* 

> ( under  reinforced ) 


Assume  i*s  — 
f (££ ) (a)(250)  + (360)  (804  ) = (SM)  ( 2036 ) 

— ► X=  138*8  mm  . 0./  Ci  iC  CL  ^ CL  max 

F 

Right  assumption  Fs  = — 

Qs 

Mul  =1  % a 6 (d-S)  + §*  (d-d') 


-'s 


=|  (^f ) ('36-6  ) (250)  (650  - + (f^f)  ( 804  ) (650  - 50) 


= 374865729  N.mm  — 374.8  kN.m 


| Mu.l.  = 


374.8  kN.m 
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e - The  Factor  Of  Softy  For  Loads. 


374^8 

231.46 


1.62 


F-  The  Factor  Of  Safty  For  Material. 

= (M^u1i=43SZ  _U17 

\Mu.l.J  374.8 


g-The  Global  Factor  Of  Safty. 


438J2 

231.46 


1.89 
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Exact  Calculation  of  Mult  & Mu.IjXWith  Ten.&Comp.  Steel) 


Compression  Jl  Sterss- strain  curve  Jl  JSLi 

Tension  Jl  JdJLkII  Sterss- strain  curve  Jl  J5Li  jj* 


max.  stress  ( Tension  Steel)  =■  F 

y 

max.  stress  ( Compression  Steel)  = Fy 
max.  strain  ( Concrete ) = 6C  = 0003 

strain  at  yield  ( Tension  Steel  ) £s-£V‘F 


Fy  Fy 


strain  at  yield  ( Compression  Steel  ) 6,  - Sy  - 


s 2*/0 
■fy  -fy 


A 


Note. 


When  es  £ £y 

When  Ss  ^ 6y 


■*  # 


y 
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IF  there  is  compressive  steel. 


Equilibrium,  Equation. 


Cc  + C8=  T 


0.003 
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csi|eo 


Steps  to  determine  Muit 


® Get  C.  = — *d 

600  +Fy 

(£)  Use  equilibrium  eqn.  Cc  + C8  =T 

Fcu*a*b  + AS»*FS»= As*Fs  — a,Fs,Fg=?? 


assume  8S  ^ ty  — * Fs=Fy  ( Under  reinforced  or  Balanced  Sec. ) 

jr  P1 

assume  £s'  > £y  — ► Fs=Fy  Where  £ = 1!L  = Z1 

v Es  2.105 

jKu .a.b  +Ass.fij  = As*Fy  Get  a— * Get  C =1.25  CL 


* IF  C ^ C fy 


The  Section  is  Under  reinforced  or  Balanced  Sec.  • • Fs  = Fy 


To  check  the  second  assumption  = 
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cv*|oo 


— £s'<T£^  Fs'  < Fy  wrong  assumption 
To  get  The  right  value  of  CL  ,fr 


jFcu*a*b+A!t*Fi-=As*Fy  a ’ Fs 


s 

<D 


FS'  _ 1.25  a-dt  a ,FS' 


600  1.25  a 

From  eqns.  0 , (2)  Get  CL  , Fs' 


*rF, 


cu 


d-d 


* IF  C>  Cb 

. . The  Section  is  Over  reinforced  Sec. 

• • ^S  ^ & y • • F§  < Fy  wrong  assumption 


d_ 

r 

c, 

a 

2 

T , 

® 

'8 


IF 


8S  > 6 y F&  =Fy 

To  get  The  right  value  of  CL  , Fs 


Fcu*a*b+AS'*  Fy=As*Fs  a i Fs 

600  ^ CL  , Fs 


*rF, 


cu 


C = 1.25CL  = 


600  +FS 

From  eqns.  0 , 0 Get  CL  , Fs 


d-d 


ct 

r 

c i 

a 

2 

T , 

® 

'8 
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Gs?  ~ 
* 0) 
03  ^ 
’8 

11  g 

r>  5 

53 

* 05 

'go 

+ 


■e 

* 


c> 

o 

CO 


fe? 

+ 

o 

o 

CO 


rO 

* 

s 


cvi  | co 

sJ 

ft) 


II 

*o 

o 

Ho 

ft) 

CJ3 


g 


5* 

o 

'e 

0) 

0 

?«. 

t 

CD 

5- 

S» 

@ 

■e 

1 

s 

o 

*e° 

ho 

« 

0) 

CO 


‘o 

CM 


II 

o 

HO 

ft) 

0) 


“’o 


e5  S 

I HO 
OB  W 

&J  5b 


0) 

£ 


I 

•O 
£ 

If 

ft>  H 

03 


9b 

CO 

ft) 

Jn 

ft) 

£ 


o 


^Ss 

ii 


'go 


ft,*? 

H ^ 
✓ 1,0 
r 03  * 


HO 

no 

ft) 

0) 

HO 

&3 

• 

1* 

ft)  O 

«fo 

© 

5$ 

N» 

* 

3 . 

o £ 

N»  Q) 

3 

Eh 

5j 

k 

o 

HO 

£ 

O 

t 


t 


CO 

A\ 

03 

CO 

ft) 


64* 

^Jl)  evil  CO 

A\  : 

'&} 

CO 

ft) 


3 3 

03  03 


8 


© ® 


GO 


*!■ 

* 

CQ 

H 

ft? 

'go 

+ 

iO 

« 

53 

# 

&H§ 

evj|eo 


Bf 


© 

© 

CO 


GO 


+ 


© 

© 

CO 


II 

10 
cvi 
>* 

11 

o 


© 


o 

£ 


© ® 


fe? 

V 


■? 


«? 


Go 


CO 


P'03  0) 

Oft  «H  00 


CO 

* V 


r/fl0 

^ H 
a ; & 


T3 

l 

53 

*o 

CM 


'CO 


CO 


CO  *M 
ft) 


+ 

O)  ^ 

* rJv 
O 53  «i 
H»  • 


‘O 

CM 


© 

© 

CO 


evt|eo 


{* 

O 

S» 

ft) 

■e 


-se 

o 

0) 

5) 

& 


3) 

CO  Ctf 

A i. 

'«  g£> 

CO  ^ 


o 

4 


co 


53 


Ho 

ft) 

5)3 


bN 

1 

nO 

5$ 

'as 

CM|C0 

+• 

"S 

b|CM 

1 

t* 

% 

nO 

53 

fef 

co 

CM|oo 

+ 

11  a 
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Example 


Data. 


Fcu  = 25  N\mm , st.  360/520  70o 


Calculate  Mult. 


530.9 

2 

mm 


2280.7 


mm 


300 


Solution, 

fjj=  650  mm  f Ob  = 50  mm 
600  600 


® ck= 


b 600  + E 


* d = 


* 650  = 406.25  mm 


y 


600  + 360 


From  equilibrium  eqn.  Cc+Cs=  T 
^Fcu*  (a*b)  +As"Fs'=As*Fs 


Fs=Fy 

Fs'-Fy 


( Under  or  Balanced  Sec. ) 


assume  Ss  >6 y - 
assume  6s'>6y  = 

(25)  (a)  (300)  + (530.9)  (360)  = (2280.7)  (360) 
> a=  125.98mm ► C = 1.25  a = 157.48 


mm 


<c 


The  Section  is  Under  Reinforced  Sec. 


and  the  First  assumption  is  right  Fs  =Fy 
To  check  if  the  second  assumption  is  right  or  wrong.  Fs'  = Fy 

Get  e„-  Fv  360  — — s 


= 1.8*10 


2*10  2*10 


From 


<s 


C-d 


107.48 


0.003 


-*  6ss  = 


2.047*10 


3 


*Vf7 

Ml/ 


0.003 

L 


6s'  ^ 6i 


C 157.48  ~ L 

-►  Fs'm:E.  The  second  assumption  is  right. 


Kf§  FCUa  b (d-f)+AsFy  (d-d') 

=-|  (25)  (125.98)  (300)  (650  - + (530.9)(360)  (650-50) 

* 484431999  N.mm  — 484.43  kN.m 


d'C 


2 ip 

3 cu 


d-a 

z 


-Cs 

Co 
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Example. 


Data . 


Fcu  = 25  N\mrn 


St.  360/520 

Calculate  Mult . 


700 


530.9 

2 

mm 


1608.5 

2 

mm 


Solution.  d=6g0 


mm 


® c,- 


, dL = 50  mm 
600  , 600 


b 600  + F 


* cl  = 


600  + 360 


* 650  - 406.25  mm 


y 


From  equilibrium  eqn.  Cc+  Cs  = T 

§Fcu.(a.b)+Ast.F?-As.Fs 

assume  £s  ^£y  — > Fs  = Fy  ( Under  or  Balanced  Sec.) 

assume  £s  > £y  — > ^ * Fy 
j (25)  (a)  (250)  + (530.9)  (360)  = (1608.5)  (360) 


+ a=93.1  mm  — ► Q = 1.25  a = 1 16.38 


mm 


<c 


/ .yThe^Sec^n^^Jn^r^emforce^Sec^ 

and  the  First  assumption  is  right  F§  = Fy 

To  check  if  the  second  assumption  is  right  or  wrong.  F^=  Fy 


Get  ey  - 


y 


360 


2*1 05  2*1 05 


= 1.8*10 


.-3 


From 


s 


C-d 


0.003 
y 


66.38 

116.38 


-►  1-711  * 


6 ss  ^ — ► Fs'  <Fy  The  second  assumption  is  wrong. 
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Co|l\a  Co  lo 


To  Get  the  right  value  of  CL,Fg 
* From  equilibrium  eqn. 

Fcu  * ct*  b+  ^4^  * <=-^4g  * Fy 

(-25)  (a)  (250)  + (530.9)  ( F^)  = (1608.5)  (360) 


F^  = 1090.71-  7.848  CL 


a , Fs- 


<Z) 


* From  compatibility  eqn . 

Fs ' _ 1.25  a-ct  2) 

600  1.25  a 

From  eqns . 0 , 0 


if 090.71  - 718480)  = 1^250-  50 

600  1-25  a 

, *s'  = 1090.71  - 7.848  (94.78)  = 346.87  N\mrri 


*■  CL  = 94. 78  mm 

z 

<L  F 

3 cu 


" Muu~ | $u a ^ (d-  §0  + A,F,  ( d - d ) d-d ' 


M _ 


cf[ 

c, 

a 

2 

T 3 

'8 


ult  — 


| (25)  (94.78) (250) (650- )+  (530.9)(346.87)(650-50) 

= 348472702  N.  mm  — 348.47  kN.m 
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Example 


Data. 


Fcu  = 25  N\mrn  st.  360/520 
Calculate  Mult. 


530.9 


2 

mm 


700 


4910  2 

mm 


250 


Solution, 

CL  — 650  mm  , Ob  = 50  mm 
600  600 


cv 

0 600  +E 


* d = 


y 


600  + 360 


* 650  = 406.25  mm 


From  equilibrium  eqn.  Cc+Cs=  T 
\F0U.{a*b)  +Alt.Fs-=As.Fa 


( Under  or  Balanced  Sec. ) 


assume  Es  >Sy  — > Fs  =Fy 
assume  6 <?  > Sy  — > Fs=Fy 
4 ( 2 5)  (a)  (-250)*  (530.9)  (360)=  (4910)  (360) 

u 

► a = 378.35  mm > Q = 1.25  a =472.94 


mm 


>c 


The  Section  is  Over  Reinforced  Sec. 


and  the  First  assumption  is  wrong  Fs  <^Fy 

But  the  second  assumption  will  be  right  Fs  = F 
To  Get  the  right  value  of  d,Fs 


y 


0.003 
s' 


mm 


■y  (.25)  ( a)  (260)  + (530.9)  (360)  — (4910)  Fq  ^ d=  337.31 

* 650  J FS  = 324.96  N\mm 


1.25  a = 


600  + F0 


2 


■Kr§F°uab(d-T)+As'Fy(d-d') 

=j(25)(337.3l)(250)(650-M + (530>9)  (360)(650-50) 

= 791184741  N.mm  = 791.18  kN.m 


d'L 


2_  p 

3 cu 


Mult=791.18  kN.m 


ct-2 

2 


-Cs 

Co 
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Example 


^a^a'  - 25  N\mrn 

St.  360/520 
Req. 

==  Calculate  A sb 

To  make  the  sec.  is  balanced  Sec. 

and  then  get  M\) 


530.9 

2 

mm 


Solution. 


For  Balanced  Sec.  C = Cb  , CL=  CLb  = 0.8  Cb  , Fs=Fy 

® C 600  * d - -*99- 


* 650  = 406.25  mm 


600  +F, 

y 

CU  CLb  = 0.8  cb 


600  + 360 

0.8  * 406.25  = 325  mm 


® Get  £,. « _360_  = i_8*10  3 


y 


From 


&s 


2*1 05  2*1 05 


C-d 


356.25 


■>  0 — 2.63  *10 


0.003  C 406.25 

6ss  > ► Fg'  = Fy 

@ From  equilibrium  eqn.  Cc  + CS=T 
«-  Fcu  * ((X5*  b)  + Ag*  Fy  = Fy 


3 

f (25)(325)  (250) + (530.9)  (360)=  ASh(360)  . |^4g  b = 4292.4  mrr f 

Kr§  a» b )+A.'Fy  (d-d') 

(25)  (325)(250)  (650-?^)+  (530.9)  (360)  (650-  50) 


0.003 


2-F 

3 ou 


M - 

ult 


774830650  N.mm  = 774.83  kN.m 


d-d 


d-fi 
2 


- C8 
C0 
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1 *1*1  ** 


SO 

&s 

ft) 

£ 


-Si 

SJ 

Q> 

o 

5 


V 

«5- 


§> 

fefT 


7» 

co 

V 

'Oi 

CO 

Si 


«? 

•i 

e 


Q) 

C* 

£ 


* 

"9J 

+ 

•O 

s 


•s 


<§) 


x§ 


N|sj 


■? 


•8 

I 

8 

>o 


■o 


o 

Q 

<0 


So 

8 

O 

6S 

KO 

| 

i 

>*1 

&S 

ft) 

£ 

j? 

V-/ 

V 

dl«M 

Q> 

evj  i*o 

s 

% 

1 

I >•>. 

1 'S 

Si 

Q> 

ii 

* 

fc»|x3 

09 

Csf|»  Esf 

09  09 

% 

CO 

II 

II 

H 

0) 

IS 

so 

l 

o 

*© 

►4 

k. 

5 *4 

s? 
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Example 


-1000 


Data . 

F,u  = 25  N\mrn 

st.  360/520 

Re(l*  Calculate  MUL, 


Solution. 


0.1  d = 75  mm 


ama x=0.8(f)  [ 


6UU  “I  | , 

) + (Fy\6,)  j ' ^ “ 0 35  d 


600  + 


0.35  *750 «• 262.5  mm 


From  equilibrium  eqn. 


2_ 

3 


a*b  + Ag*  As*  Fs 


assume 


tS>ty^FsM 

Os 


( Under  reinforced  Sec. ) 


assume  6s">Sy  — > Q 

— * a*  b + Ag  * ^ - -4-  * ^ 

3 5c  s Qs  Qs 

f (*f)  (a)  ( 250 ) * (550  (-of)  = ( ) (t %) 


> /*/  . 6 mm 
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.'.0.1  d<  CL  < (X Right  assumption  Fs  = 


max. 


8. 


To  check  IF  F<?  = — or  not 

s~  5S 


Get 


= 


^A 


360/1.15  3 

= 1.565  * 10 


Es  2*10 

C — 1.25  CL  — Z./25  * 121.6  — /53  mm 


From 


&ss  _ C-d 


0.003  C 

6s'  /02 


: T 
102 

z 1 

V 

1 

_X 

6q\ 


0.003 

6S'  > £ 


/52 


-»£<?'  = 2.0 


/3  * 70 


.-3 


0.003 


y 


^s'= — 

S 5S 


M =^a6(d-^)  + isv^(d 

*“■  3 5„  v 3 ' s 5S  v 


-cC) 


■ MUL  = ^ (f2)(l21.6)(25°)(75° -l£l^-)+  (750-50) 


= 349154705  N.mm  = 349.15  kN.m 


Mv.C  349.15  kN.m 
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Examples  on  Behavior  of  Beams 


Example. 


’ 00  zoom 


Data . 


Ku‘zs  N\ 


mm 


Fy  = 360  N\  mrri 


Req. 

Calculate 

Solution. 


M 


w 


8 <fl>25 


160 

100 

100 


800 

500 


As=  8 <ti>25  = 8 [?L^25]  = 3927mm 

Allowable  stresses 

= 25  N\mrn  Fq  = 9.5  N\ 


L- 200 J 


mm 


Fj  = 360  N\mrn 


Fq  = 200  N\mrn 


f00\  ■ ■ foq— 


than  300  mm 


Snv.  (above)  =(200) (300) (150)  + 2 (ioo)(ioo)(150) 

. „ / / 


1 3 

+ 2 (—)(100)(100)(66.6)=  12666000  mm 

4 450 


Snv.  (under)  =15  * 3927  * (450)  = 26507250  mrri 
v Snv.  (under)  J>  Snv.  (above) 

Z > 300  mm 


200 
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100^—200^100 


(7)  Take  n =15 
Get  Z by  taking 


Snv.  — Snv. 

?r, 

above  ( N.A. ) under (N. A) 

J I 

lo 

200(Z)  (jO+  2 ( 100)(100)(Z~150 ) 

+ 2 (±)(100)  (tOO)  (Z-233.4) 

& 

= (15)  ( 3927  ) (750  — Z) 


Z = 387.77  ram 


800 


, 200-J 


2 

Get  Inv  = 200(38^  77)+?(l00*l00a\  + ? (100) (100) (387.77-150)S 

o \ 12  / 

+ 2 (100*100  \ + 2 (-L)(100)(100)(  387.77-233.34  )* 

V 36  / 3 

2 4 

+ (15)  (3927)  (750  - 387.77)  — 13007509270mm 

0 Mwc  = Fo  *1™  -9-5*  13007509270  _ 318671733.5  N.mm 

z 387.77  =318.67  kN.m 

(W)  « . mm,,,..., 

- 475.7  fcTV.m 


— — 


d-Z 


750-  387.77 
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Example. 


Data,  jr  o*  AT\  i 

rcu=  25  N\mm 
Fy  = 360  N\mrn 


2 

1 

2 


Req. 

Calculate 


M 


'flU no -1°° 


U) 


Solution. 

2 

As=  10# 22=  10  [*•**]  = 3801  mm 

Allowable  stresses 

— 25  N\rnrri  ► N\mrn 

— 360  N\mm  ► Fg  — 200  N \ mm? 


Inertia  For  semi  circle . 


To  know  if  Z is  bigger  or  smaller 
than  ZOO  mm 

S nv.  (above)  = ^ (( 34.8 ) = 5328141.1  mm 

& 

Snv.  (under)  =15  * 3800  * (650)  = 37059750  mrn 

v S'  nv.  (under)  S'  nv.  (above) 

/.  Z>200  mm 


100  400  100 

“~i  r n r~ 


330/ 


L* — 600 — -1 
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100 


-400 — ~r*° 


850 


0 Take  71=15 
Get  Z by  taking 

rc  (■2QQ)  (Z-1 15.2)+  (600)  (Z~ 200)  (Z^200\ 

2 ' 2 

= (15)  (3801  ) (850 -Z) 


G(it  Ami  = 


-600- 


nv  — 0.11(200)  + 


4 K (20°)  (381.92-115.2) 


600*181.89 


+ (15)  (3801)  ( 850  — 381.92) 


= 18341282030  mm 


0 Mwc  - El  *^nv  = 9-5*  18341282030  _ 458226904  N.  mm 

Z 381.92  =456.22  kN.m 


^ws  = ^ 


(^)*C  irf§-)  * 18341282030 


850-  381.92 


522454339  N.mm 
— 522*45  kN.m 
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Example 


For  the  reinforced  concrete  cross-section  shown  in  the  Figure 
It  is  required  to  calculate  : 

1 - Calculate  the  cracking  moment  ( MCr .)  > the  working  moment  (Mw) 

, the  ultimate  limit  moment  iMu.L. ) Sc  the  ultimate  moment  (Muit) 
2 - Calculate  the  Factors  of  safety  For  Loads,  Materials  & Global  Factor  of  safety. 

Data,  : Fcu  = 25  N\mrn 

, st.  400/600 


8838  mm 


All  dimensions  in  mm. 


1407  mm 


-J  pnn  L 


200 u 500- 


€ 00 - 


—300— 


J 


7o:bo 


1 2 


500 


ZOO 


550 


J-300-1 


1 “ 
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© Av=  Ac  + (n-  1)AS 

Ay  = 600*200  + 300*500  + 1000*200  +500*550  +1000  * 150  +{10-  1)(8838) 


— 974542  mm 


(g)  y _ 600*200(100)+  300*500 (450)+ 1000 *200 (BOO)  + 500  * 550(1175 ) + 1 0OP  *150(1 525) +(10-1)(8838)  (70) 

* 974542 

= 817.76  mm 
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BOO- 


81 7.76 


200 


500 


200 


550 


150 


1000- 


3 3 3 

0 I a — 600*200  600*200(717.76 ) + 300*500  +300  + 500  (367. 7 6)  + 1000*200 
u 12  12  12 

2 3 ^ 3 2 

+ 1000*  200  (17.76)  + 500  *550  +500  * 550  (357.24)  + 1 000 * 1 50  +1000*  150(707.24) 

12  12 


+ (10- 1)(8838)  (747.76)  = 248176325100  mm 
® =0.6  \lFcu  =0.6  \l~25~  = 3.0  N\mm2 


® = !°*1  Li  = h2-L 


248176325100 


Vt 


817.76 


= 910449245.8  N.mm 
= 910.45  kN.m. 
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b - The  Working  Moment.  \MW) 


Fou=  25  N\mm  ► Fc  = 9.50  N\mrn 

Fy  - 400  N\mm  ^ Fg  — 220  N\mrn  1 


To  know  if  Z bigger  or  smaller  than  150mm 
assume  First  that  Z = 1 50  mm 

Snv.  {under)  = 1000  * 150*  (75)  = 1 1250000  mm 
Snv.  {above  ) - 15  * 8838 * ( 1380  ) = 182946800  mrr? 
v Snv.  {above)  > Snv.  {under)  Z>  150mm 


13 


80 


75 


1 

t 


To  know  if  Z bigger  or  smaller  than  700mm 

assume  First  that  Z =700  mm 

Snv.  {under)  =■  1000  * 150*  {625  ) + 500  *550*  {275  ) 

= 169375000  mm 

Snv.  {above)  -15  * 8838 *(830)  = 110038100  mrr ? 
v S nv.  {above)  ^ S nv.  {under)  •••  Z <700  mm 


•••  1 150  mm < Z <700  mm  | 


r-“ — 600  ** 1 


830 


625 


4000 


Take  n = 1 5 


Get  Z by  taking 


above  {N.A.)  under{N.A.) 


r- — 600 — 

8838 


1530-Z 


(1000)  (150)  (z-  75)+ (500)  (Z- 
= (15)  (8838)  (1530-Z) 

| Z = 587.94mmj 
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8838 


942.06 


437.94  587'94 


150 


1000- 


T 1000(150)  , 4 500(437.94 )" 

1nv  = —3 - + (1000)  (150)  (512.94  ) + x • 

12  3 

+ (15)  (8838)  (942.06)  = 1 7 1 39  9 0 5 5 7 0 0 71X771 


(2)  Mwo  — 


Fc  *Inv 


not  as  T-Sec. 


- 9‘5  * 171399055700  - 2769485031  N.mm 
587.94  =2769.48  kN.m 


© MwS  — 


(|*)  * ^iw  {^5-)  * 171399055700 _ 

d-Z 


/530-  537.04 


2668463597 N.  mm 
= 2668.46  kN.m 
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C - The  Failure  Moment . (Muit ) 


600 


© ch=  - 

0 600  + F 


d = 


600 


y 


600  + 400 


* 1530  = 918  mm 


Assume  a < 150  mm 


8838  I I — 1 


1530-  y 


an 

4-r 


1380 


Co 


150 


-1000- 


3 -cu 

From  equilibrium  eqri.  Cc=  T 

f Fcu*a*B=As*Fs 

Assume  Fs  —Fy — ► ( under  reinforced  or  Balanced  Sec.) 
J ( 25 ) (a)  (1000)  = (8838)  (400  ) 

CL  = 21 2.1  mm^>  150  mm 

CL  ^ 150  mm 

T 

~\ 

1455 


. . wrong  assumption 


r 

a 

L 


8838\~ -^] 


1380- 


(a-150) 


Co, 

Cot 


A p 

3 cu 


-1000 
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(3)  From  equilibrium  eqn . Cc=  T 
jFcu*  (1000. iso)  + jF^^oo  (a -iso)']  =AS*FS 

Assume  Fs=Fy ► ( under  reinforced  or  Balanced  Sec.) 

j (25)  {1000*1 50)  + | (25)*[500  (CL-150)"]  = 8838  * 400 
CL =274.2  mm^>  150  mm  . . right  assumption. 

C = 1.25  a =1.25*  274.2  =342.75  mm  <cb 

and  the  assumption  is  right  Fs  =Fy 


1455 


8838 


1317.9 


Mult-  jj(25)(t000)  (150  ) (1455)  + |(25)(500)  (124.2)  (1317.9) 

— 5001526500  N.mm 


Mult=  5001 .5  kN.m 
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d-  The  Ultimate  Limit  Moment . ( Mu.l .) 


Ct min=  0.1  d = 0,1  * 1530  = 153.0  mm 

a'max=  °-8(jf)  [ 60()6+0(f\6  ) ] * * °-337  d = 0.337  *1530  = 515.61  mm 

assume  cl  <150  mm 


T 


> 


1530—  y 


2 Feu 


3 5S 


8838 


1380 


150 


-1000 


2 F 

From  equilibrium  eqn.  — 

3 Qc 

F 

Fs  =•  -1L  ( Under  reinforced  Sec.) 
Os 


*a*B  = AS*FS a , Fs 

. 2-*k.a.B  = As.  ?! 

3 6c  s Bs 


f (ffXa)  (l 000)  = (8838)  (-^§-) 

— > CL  = 276.6  mm^>t8  . . wrong  assumption 
CL  ^ 150  mm 
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From  equilibrium  eqn.  Cn=  T 


4-^P  *(1000*150)  + 4-^  *[500  (a-/50)l 

O Oc  O Oc  ^ J 


Assume  Fa  — ^ 
8 0S 


-►  (under  reinforced  Sec.) 


f (.21)  {1000*1 50)  + 4 (f§)  »[500  (a-/50)]  = 583a  * (£22) 
a = 403.33  mm^>  150  mm  right  assumption. 


a„,„<  a <amar  . . right  assumption  Fs  — ^ 

bs 


rmn 


1455 


1253.33 


Cc2 

Cd 


2_  Feu 
3 Qs 


8838 


403.33 


1000- 


253.33 


] 150 


M___=  (/50)  {1455)+  4(f|)  (,500)  (253.33)  ( 1253.33 ) 


V.L.  3 


= 4188922716  N.mm 
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- The  Factor  Of  Safty  For  Loads. 

_ / Mill A _ 418^92  = 1 57 
\MW  ) 2668.46 


- The  Factor  Of  Safty  For  Material. 


500U5^ 

4188.92 


1.193 


- The  Global  Factor  Of  Safty. 


500U5^ 

2668.46 


1.87 
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Example 


For  the  reinforced  concrete  girder  s cross-section  shown  in  the  Figure 
It  is  required  to: 

1 - Calculate  the  cracking  moment  (A/or.)  , the  working  moment  (Mw) 

, the  ultimate  limit  moment  ( Mu.l ) & the  ultimate  moment 
2 - Calculate  the  Factors  of  safety  For  Loads,  Materials  & Global  Factor  of  safety. 


Data  : 

Fcu=  30  N\mrn 
, St.  400/600 


-1.55 


a-  The  Cracking  Moment.  (MCr.) 


(T)n=  ^ = — 2*10 — = 8.30 — ► n=io 

Ec  4400  \J~30~ 

(D  Av  = Ac  +(n-  1)AS 

Av  - 150*1550  + 250*750+  2(0.5*  150*450) 

+ 300*450  +(10-  1)  (7363)  =688767 mm 


1550 


datum  \^50_J 


- 1550*150  (1125)  + 250*750  (675)  + 2 (0.5*  150*450)  (lOOO)  + 300*450  (150)  + (10-  0(7363) (50) 

688767 


= 695.7  mm 
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-15  SO- 


ISO 

150 


750 


300 


\ 429.3 

450 1 J 30^.3 


V 1 = 695.7 

7363 


-450 


545.7 

645.7 


0 / __  1550  * 150  + 1550t150  ( 429.3)  + 2*  456*J50  + 2*  ( 0.5*450  * 150 ) ( 304.3) 

* 12  36 

3 3 

+ 250  *750  +250*750  (20.7)  + 450  *300  +450*300  (545.7) 

12  12 

2 d 

+ (10-1)  (7363)  ( 645.7  ) = 127332060300  mm 


2 


® Ktr  = 0.6  \[f^  =0.6  \l~30~  = 3.28  N\mrn 


® M = 

or 


ctr  * Ig 

Vt 


3.28*  127332060300 
695.7 


m 600329391.5  N.mm 
= 600.32  IcN.m. 


Mcr=  600.33  kN.m 
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b - The  Working  Moment  Mw) 


F - 30  N\mrn 


cu 


Fy  - 400  N\mm 


2 

mm 


Fc  = 10.5N\ 

Fg  - 220  N\mm 


Snv.  (above)  = 150*  1550 *(75)  — 17437500  mrn  150^ 

Snv . (under)  =15  * 7363*(1000 )=  1 10445000  mrn 
v Snv.  (under)  Snv.  (above)  Z>  150mm 


[7363] 


Snv.  (above)  =150*  1550 *(225)  + 250*  150 *(75)  ISO 

+ 2*  (0.5*450*  150)  (100)  =61 875000 mrn 
Snv.  (under)  =15  * 7363 *(850)=  93878250  mrn 

v Snv.  (under)  > Snv.  (above)  Z>300mm 


(7)  Take  n = 1 5 


Get  Z by  taking 


i 


J „ Z-75 

Z-150  Z—200  | 

\ A 


1 150— Z 


(1550)  (150)  (Z-75) +(250)  (Z-150)  (~ — ) + 2*(0.5*450*  150)  (Z-200) 
= (1 5)  (7363)  (11 50 -Z) 


| Z = 370.1  mm 
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-1550- 


150 


370.1 


20.1 

//cj.05 

250 

7363 

1 


171.1 


295.1 


9j5. 


779.9 


InV  = 155°(150)  h(1550)(150)(295.1)  + 250  (220^  + Z,4J0g50 

12  3 


36 


+ 2*(0.5*450*  150)  (170.1)  + (1 5)  (7363)  (779.9)  = 90786444070  mm 

4 Fo 


(?)  Mwc  = 


3 ****>  as  T-Sec. 

Z 

2\ _ 


(^)  Mws  — 


370.1 

(— ) 

| * I nv  | 

(220) 

vn ' 

V 15  f 

= 1717.1  kN.m 


d-Z 


1150-  370.1 


= 1707314416  N.mm 
= 1707.3  kN.m 
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C - The  Failure  Moment.  {Mun  ) 


© ch=  — 

0 600  f-F 


* c£ 


3/ 


600 

* 1150 = 690  mm 

600  + 400 


Assume  a,  ^ts 

a < 150  mm 


1150-0- 

2 


a 

n 


3 J 

1 CXI 

7363 


(3)  From  equilibrium  eqn.  Cc=  T 

fFcu*a*B  = AS*FS 

Assume  Fs—Fy ► ( under  reinforced  or  Balanced  Sec.) 

j (30)  (a)  (1550)  = (7363)  (400  ) ► d = 95.0mm  <fs  ...  Q.K. 

C = 1.25  a = 1.25*  95.0  =118.75  mm  <cb 

and  tAie  assumption  is  right  Fs=Fy 

K «=f  <d-f) 


= I (30)  (95.0 ) (1550)  (i  150 - ) = 3246862500  N.mm 

MuU= 3246.86  kN.  m 
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d-  The  Ultimate  Limit  Moment . ( Mv.l. ) 


= 0.1  d =0.1  *1 150  = 1 15  mm 


amax  = [ eoo°f(f\S  ) ] - °-337  d -0.337  *1150  -387.55mm 

assume  a ^ts  CL  < 150  mm 

r s 550 -i 


2 Fqu 

3 5C 


a 
r 


1150 


7363 


2 T 

From  equilibrium  eqn. ^ * CL*  B = A^*  F. a , Fs 


3 Q 


8 


assume  Fs  = ^y  ( Under  reinforced  Sec.) 

5*  _ 


d*B  = As*  -V- 

3 6C  s 5s 


|-(f|)(a)  (J550)  =(7363)  (-%§-) 

— > 0L=  123.92  mm  <ts  O.k. 


a . < a <a 

rmn 


moa.  right  assumption  Fs  — ^ 


> 8 


U.L. 


3 5 


= 4(£f  X *23.92)  (1550)  (ll50-  123.92}  = 2786484947  N. 


mm 


= 2786.48  JcN.m 
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- The  Factor  Of  Safty  For  Loads. 

(Mu.l.\  2786.48  H co 

i^r)  - - 163 


- The  Factor  Of  Safty  For  Material. 


3246.86 

2786.48 


1.165 


- The  Global  Factor  Of  Safty. 


3246.86 

1707.3 


1.90 
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Example. 

Data,  jp  ,, , 2 

cu=  25  N/rnrn 

Req.  360/520 

For  the  shown  Cross- Section 

1-  Calculate  M cr. 

2-  Calculate  Mw 

3 - Calculate  Mult 

4-  Calculate  Mu.l. 


50 

r 


450 


500 


50 

■ r 


• • 


L 


• • 


760  mm 


1 520mm 


250 


j 


Solution.  1-Mcr. 


| —25 


® n=  = — — 


/O' 


=■  9.09 


n=/0 


4400  \[^ 

<D  i4v=  btt  + (n-  1)AS  +(n-  i)As- 

Ay  =■  250*  500 + (10-1)  (1520)  + (10-1)  (760) 

= 145520  mm 

Tensiori_Side_  ^ 

<g)  y = 250*5Q0*250+(10-1)  (1520)  (50)  +(10-1)  (760)  (450)  =240.6  mm 
* / 45520 

0 / _ 250*5003+250i)l  500  (250 -240. 6)+  (10-1)(  1 520)  (240.6  - 50  ) 

gross  12 

+ (10-  1)  (760)  (450-240.6)  =3412106414  mm 


/mm 


® Fctr  = 0.6  \/^7  =0.6  \[25  = 3.0  N\ 

© Af  = ^tr*  J 9 = M * 3412106414  _ 42544967.7  N. 

cr  

yt 


mm 


240.6 

42544967.7  N.mm 


= 42.54  JcN.m 


10 


6 
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250(Z)  (M)+  (14)(760)(Z~50)  =(15)  (1520)  (450— Z) 

Z=  189.1  mm 


_ 9 2 

&■  Get  Inv  = hz? +(n-i)Ass{z-d")  + nAs(d-Z) 

3 

g 

Inv  - 250  + (14)  (760)  ( 189.1  -50) + (/5)  (1520)  (450-  189.1  f 

= 2321339454  mm 


(?)  Mwc  — 


nv 

~z~ 


9.5*2321339454 

189.1 


— 116619380  N.mm 

— 116.62  kN.mm 


(§)  Mws  — 


d-Z 


m)*  2321 339454 
450-  189.1 

118632398  N.mm  = 118.6  kN.m 


Mw=  116.62  kN.m 
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3-  Muit 


Take 

F ^ (For  compression  steel) 

6? 

II 

Cs  = -4  s'  * Fy 

®_ „ OUU  l Ol/l/ 

c.  « — * d = * 450  = 281.2  mm 

b 600  + F 600  + 360 

2/ 

(2)  From  equilibrium  eqn.  Cc  + Cs  - T 

f - FCu  *ci*b  + Ag  * Fy  - As * Fs 

Assume  Fs—Fy — ► ( under  reinforced  or  Balanced  Sec.) 

4 (25)  (cl)  (260)  +(760)  (360  ) = (1520)  (360  ) > a = 65.6  mm 

o 

C - 1.25 CL  — 1.25*65.6  = 82.0  mm  <cb 
^The^SecHon^^^JJnder^ev^orced^Sec^ 
and  the  assumption  is  right  Fs  —Fy 


1VL  _ 77ie  moment  about  the  steel 
ult 

Mdt=cc*(d-a)+Cs*(d-d) 

- § Ku*a*b  (d-a)  + As'-*Fy(d-d') 

= 4(25)  (65. 6)  (250)  (450  - ^^  ) + (760)  (360)  (450-50) 
= 223474666  N.mm  = 223.47  kN.m 

Muu  =223.47  kN.m  I 
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4-Mi j.l. 

Take  Jja-niJ 

Fg'^For  compression  steel ) 


r _ a n*  ry 

US  - * ~Q~ 


Fy 

s 


Fy 

5s 


^min  — 0.1  d = 0,1  * 450  — 45 

600 


«W  = 0.8  (|)  [ — ~ (^\0>)  ] * d = 0.35  d~0.85*4S0  = /57.5 


mm 


From  equilibrium  eqn.  Cc  + Cs  = T 

f|%(a.b)+^.g=V^  a,^s 

assume  Fs  = ( Under  reinforced  Sec.) 

be 

Fc 


|(f|)(a)  (250)  + (760)  (f^-)  = ( /520)  (f^-) 

► a = 85.64  mm  CL.<  a <a  „ 

wuti  max 


. . right  assumption 


M„,  = The  moment  about  the  steel. 

U%lj% 


M. 


U.L. 


Cc  *(d-  & ) + Cs*(d-d  ) 

' f ^*a.b  (<*-«  ) + ^.g(d.c(') 

= ^(j^)  (85.64)  (250)  (450-^M^)+(760)  (yff-)  (450-50) 
= 192028815  N.mm  — 192.0  kN.m 
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Example. 


The  Figure  shows  a statical  system  of  an  overhanging  beam,  subjected  to  uniform  distributed 
load  ( [W)with  the  shown  sections.  It  is  required  to  calculate  the  critical  value  of  the  load  (W) 
in  each  of  the  Following  cases: 

1-  The  cracking  load  of  the  girder  {Steel  reinforcement  can  be  ignored) 

2-  The  ultimate  load  of  the  girder. 


L 


¥ 


CZ)  JV  kN/m 


XXXXXlXXXXXXXXXXlXXXXXXXXXXXXX  X~I~1 


2.50 


-10.0- 


- 2.50 J 


_ 100  cm  — 
i—  60cm~ | 


^ — 100  cm  — 
r—  SO  cm — , 


For  Cracking  Moment.  Mcr 

IF  we  neglect  the  steel.  Mcr (sec.l)  =Mcr(sec.2) 


-1000  mm — 


1000  mm 

600mm 


Av=  Ac  = 2 {200*  1000)  + 400*600  =640000 mrn 
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1000 


1 


® Fctr  = 0.6  =0.6  \f30^=  3.25  N\rmnri 

® A/_  = ^°:tr*  Zg  = S"ga*  72533333333  _ 475818666  N.mm 
0T  Yj  500 

yt  = 475.3  fcACm 

Mcr1  = Mqt>2  = 47 5.8  kN.m  I 


.For  Ultimate  Moment  Mult 
Section  1 


As=  10  022  - 10  [S2**]  - 3«0/  mrri 


L 

200 

t 


950 


r — iooo — h 


® — — *d 

b 600  + F 600+360 

%7 

@ Assume  a ^ts 
CL  < 200  mm 

(§)  From  equilibrium  eqn. 

fFcu*a*B  = AS*FS  — 


950  = 593,7  mm 


Assume  Fs=Fy > ( under  reinforced  or  Balanced  Sec.) 

— (30)  (a)  (1000)  = (3801)  (360)  >a  = 68.4  mm<ts  O.F. 

3 

C = 1.25  a = /.25  * 68.4  = 85.52  mm  <cb 
. • . \The  Section  is  UndenTTieinforced  Sec!] 
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[7Yie  Section  is  Under  Reinforced  Sec.] 
and  the  assumption  is  right  Fs  = Fy 

M aB(d-%) 

ult  3 cu  v 2 ' 

Ku‘ ) (1 000)  (950  - * 1 2628 14400  N.mm  = 1252.8  kN.m 

M ult  = 1 252.8  kN.m 


Section  2 

— 2 

As=  6 #22  =6  = 2280  mm 


-1000- 


(D 


600 


b 600  + R 


d 


y 


960 

I 


600 


* 950  = 593.7  mm 

T 


W22 

400 


600  +360 

Assume  a ^ ts 
CL  < 200  mm 

(3)  From  equilibrium  eqn. 

§-Fcu.a*B  = AS*FS 


200 

T 


a 

950—z- 

2 950 


if1 
3 cu 


L 

zoo 

"f 


Assume  Fs—Fy > ( under  reinforced  or  Balanced  Sec.) 

2 (30)  (a)  (1000)  = (2280)  (360  ) ► CL  = 41.04  mm  <ts 

3 

C = 1.25  a = 1.25  * 41.04  = 51.3  mm  <cb 
|7Yie  Section  is  Under  Reinforced  S*ec.| 


O.K. 


6®  22  1 

400 

B 

mm, 

3 

L 

1000 

J 

and  the  assumption  is  right  Fs  = Fy 

. M -§F  aB(d-%) 
ult  3 cu  v 2 1 

..  M « £(30)(41.04)(l000)(950-iM4)  - 762917184  N.mm  = 762.9  kN.m 

ult  o ' 2 ' 

‘ ^ult  = l762.9  kN.m 
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Actual  Moment . 


, ® WkN/m 

mi  jfci  nnnnbnnin  ig  i m 


9.375  7F 


1-The  cracking  load  of  the  girder.  (Wcr) 


Sec.  © = 9.375  W 

act. 

9.375  Wcr.  = 475.8  kN.m 
Sec.  (D  JJ/  = 3.125  W 

act. 

**•  3. 125  Wcr.  - 475.8  kN.m 


Mcrj  = 475.8  kN.m 

Wcr.1  =50.75  kN/m 

MqT2 - 475.8  kN.m 
->  Wcr. 2 - 152.2  kN/m 


1-The  ultimate  load  of  the  girder.  (Mult) 

Sec • ® 9.375  W Multl=  1252.8  kN.m 

9.375  Wult  = 125Z.8kN.rn  ► Wultl  = 133.6  kN/m 

Sec • ® 3.  /25  JF  Muit2  = 762. 9 kN.m 

3.125  Wult=  762.9  kN.m  > Wult2  =344.12  kN/m 


Wult  = 133.6  kN/m 
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Example. 


-2800- 


K 


0 

'LL)  kN/rrC'  ^ 
i i i i i i t — r 

u 


250j_ 


/400 


-/fim- 


Data. 

FCU=30  N\ 


8838 

2 

. mm 


-■oal00 


-f 


mm 


L-GOO-hod / 000 hod-GOO-1 

Sec.  (/-/) 


1^  = 360  N\  mm 
F.C.  =3.50  kN\m2 

Req. 


Fined  the  allowable  working  live  load  ( kN\m z) 


Allowable  stresses 


mm 


1L=30  N\ 

F = 360  N\mrri 


= 10.5  N\mm 
— ZOO  N\mrn 


14 


-L| 

250 

t 


-2800- 


1 


00 


8838 


14 


UjiJZOO 


-L| 

250 

t 


-2800- 


00 


88381 


-600- 


L-000-J 1 1000 1 U 000-1 

300  300 

To  know  if  Z is  bigger  or  smaller 
than  the  Flange  thickness  = 250  mm 


4600- 


J 


] \on\20Q 


1300 
10 


Snv.  (above)  =250*2800*(125)  =■  87500000mm 
Snv . (under)  = 15*8838  * (1050)  = 139198.5  mm3 
v S nv.  (under)  > Snv.  (above)  j 
Z > 250  mm 


. 2800 

0 

— i 

1 8838 

2 

mm 


-2800- 


u 

V//////////S 

2 1 

1 
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-2800- 


0 Take  n=15 


z 

L 


Z-250 

Z-250 

1 

1300— Z 

-600- 

2 

1 

i 

i 

“"!  8838 

J Z-125 


Get  Z by  taking 


Snv.  —Snv. 

above  (NJkd  under  (NjL.) 


(2800)(250)(Z-125)  + (600)(Z~250)  = (/ 5)  (8838)  (1300- Z) 

! 2800 n 


Z = 310.7  mm 


r~26or 

310]7  60.7 

r 

989.3 


mi  ~ — » 

J 185.7 
30.35 t 


8838  mrn 


^nv  — 


2800  (250)3  /nM<lWnMW 2 600(60.7)3 

- +(2800)  (250)(1 85.7)  + 

12  2 3 
+ (15)  (8838)  (989.3)  = 157577886000  mm 

0 Mwc=  *^nv  not  as  T~Sec. 


0 Mws  = 


10.5*157577886000  = 532  5 2 9 0 643  N.  mm 

310.7 

= 5325.3  kN.m 

) * I nv 

vn ' 

d-Z 

(j f)  1 - ZIZ376Z74,  N.mm 

1300-310.7  = 2123.7  kN.m 
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jiJL.  ,>^1  ^ lcN\rri  < ^ kN\rn  Cy 

jlJL  ^1*  p kN\rn  < ^ kN\ni  iy 


W = O.W.  + F.C.+  L.L.=  / kN\m' 

O.W.  of  the  beam  For  1.0  m. 

— Volume  * Qc 

— [ 0.-25 (-2.3)  0.95  (0.6)  -f  0.-20(/.5)]  (-25) 

= 39.75  fciV\mN 


M = « w(i6)  = 32.0  w 

act.  Q Q 


k 


W kN\m " 

r 

— 16.0m — 


To  flret  tfte  allowable  L.L. 

M = M 

act.  U> 

32  w = 2123.7  kN.m  . 


M = ‘HlH 

act.  Q 


VL)=  66.36  kN\rn 


*•*  ^ = O.W.  + F.C.+  L.L. 


66.36  m 39.75  +(3.5  *2.8)+  L.L.  *•  |X.Z-.g/g.8/  fcAT\m 
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Example 


Figure  1 shows  an  elevation  and  cross  section  For  a ramp  path  structure  connecting  the 
two  levels  (+7.00)  and  (+10.00).  It  is  required  to: 

1 — Calculate  the  maximum  working  uniform  live  load  acting  on  horizontal  projection  which 
could  be  carried  by  the  ramp  structure  (taking  into  consideration  its  own  weight). 

2 - Calculate  the  Failure  uniform  live  load  of  the  ramp  structure  (taking  into  consideration 
its  own  weight)  and  state  the  type  of  Failure. 

Fcu=C  = 30  MPa  , steel  36/52 

X>_  9999 

1 — • • • • 


9 (+10.00) 


0.3  0.3 

r— i 


0 

Sec.  1-1 

0.25  [ 

20  #18 


4.0 

Figure  1 
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1 - Calculate  the  maximum  working  uniform  live  load  acting  on  horizontal  projection  which 
could  be  carried  by  the  ramp  structure  ( taking  into  consideration  its  own  weight). 


0.3 


1]°  [ 

\ 0.25 

~ f 


20  #18 

4.0— 


0.3 


0.6 


1]°  I 

0.25  r 

— f 


20  #18 

4.0— 


O.W.=  £(0.25*  4.0)+  ( 0.75 * 0.6)]  * 1.0  * 25  = 36.25 kN/m 


Allowable  working  moment  My 


w 


Allowable  stresses 
Fcu=  30  N\mrn  

Fy  — 360  N\mrri  — 


F*q  = 10.5  N\mrn 

> Fs  = 200  N\  mm 

2 

As=  20  #18  = 20  = 5089.4  mm2 

600 


1000 


250  f 


5089.4  mm 

4000 
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600 


(J)  Take  n=is  1000 


250  r r 


Wk 

z 

J L 

950 -Z— 

H 

•J 


6089,4  mrri 
4000 


(D  Get  Z 


by  taking 


above  ( N.A. ) under(N.A.) 


b(.z)(j-)  =n  As(d-Z) 

600(Z)(j-)  = (15)  (5089.4)  (950 -Z) 


= 380.6  mm 


Get  I nv  = hzf  +n  As(d-zf 


Jnv  _ 800^380^  + (1S)  (508gA)  (950_  380  6f  _ 35777467260mm 
3 


(2)  Mwc  - * rnv  _ 10.5  35777487280  _ gsy 029443  At 

Z 380.6  _ 987.03  kN.m 


mm 


rs')*/,,,,  (2£r)  *35777467260  „ 

M VrT/  nv  _ '15  / = 837781694  N.mm 

V^/  WS  nez  n o on  a no/v  cy  n , „ 

d-Z 


950  - 350.6 


= 557.75  kN.m 


© |Mu,atl  = as~ 
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Actual  working  moment. 


7)  _ 9999 

1 — • • • • 


36.25  kN/m 


(230.37  + 6.0  P)  (6. 0)-  (36.25  * 3. 0)  (4.5)  - (36.25  (l  .5) 

- (P  *6.0)(3.0)  = 18.0  P+710.41 


To  calculate  the  maximum  working  uniform  live  load  acting  on  horizontal  projection. 

M waii  ~ Moot  ^ 

837.78=  18.0  Pw  + 710.41 — ► | Pw=  7.076 kN/m  | 
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Z—  Calculate  the  Failure  uniform  live  load  of  the  ramp  structure  ( taking  into  consideration 
its  own  weight ) and  state  the  type  of  Failure. 

Ultimate  moment  Mult 

z_  jr 


CU 


a 

T— 


'~\ 
950- a 

J 


r- 

LJ 


a 


1000 


1 ")  250 


5089.4  rrvrri 
4000 


.J  J 

j 


Ci« 


600 


d « 


600 


* 950 s 593.75  mm 


& 600  + Fy  600  + 360 

@ From  equilibrium  eqn.  (J  - T 

V 

Feu  * d*  b = F^  * 

Assume  = Fy > ( under  reinforced  or  Balanced  Sec.) 

— (30)  (a)  (600)  = (360)  (5089.4) ► CL=  152.68mm 

® C =1.25  a =1.25  *152.68  =190.85  mm  < C 

• • |77te  Section  is  Under  Reinforced  Sec!) 
and  the  assumption  is  right  —R. 

O %j 

@ By  taking  the  moment  about  the  steel. 

=|  (30)  {1 52.68) {600)  (950 -15^-68^ 

- 1600684906  N.mm  — 1600.7  kN.m 


1600.7  kN.mi 


To  calculate  the  Failure  uniform  live  load. 

Muit  “ M act 

1600.7  = 18.0  Puit  + 71 0.41  — ► 
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Example. 


40 


1000 


co 


'2501 

Sec.  (1-1) 


For  the  given  statical  system  Sc  cross  section  of  a water  tank 
with  0.25  m thick  cantilever  walls,  It  is  required  to  Find 
the  max  safe  height  of  water  (, H ) in  the  tank. 

F =30  N\mm  st.  240/350 


oLpaJ I V <JLs t i ->o  CjL  A-<JI 

T>  \ yOJ  9 ^tjJLcuJ  I JL)  JL>>  I 

Mct.  6-^  ^ of  tank  ^jLLs  <^T  ijj 

ta/nk  J I I <X«l>o3  <jf  *L«JJ  M_s2j  I j»aS1  i_) L^o-Cfcj  •*• 

^or.  J : , - Lu  jjLo4  J^UJJ  (ajJJLaJI  pi l-i*4 J I (ajJx>  r>J!  Ja»j  La2j  VI 
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MCr.  F°r  the  section. 


As  = 6</>12  = 678.5  mm 

_ 5 

® n = =• — 2*10  = 8.29  71  = 10 

E0  4400  \f^~ 

<D  Ay  = 250*  1000  + (10-1)  (678.5)  =256106  mm 

(g)  y = 250*J000j_l25±  (10-  0(678.5)  (_40)=123rnrn 
* 256106 

3 g g 

1000  * 250  1000  * 250(125-  123)  + (10-  1)  (678.5)  (123  - 40) 

12  4 

= 1346151012  mm 


© Fctr  =0.6  ^ = 0.6  \l~30  = 3.28  N\mmZ 


© m ■_ 1 °tr  * = 

cr  

Vt 


3.28  * 1345151012 
123 


_ 35870693.6  N.mm 
— 35.87  kN.m 
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$water~  ^.0  t\m3  — 1 0.0  kN\rri 

water  pressure  (at  base ) = Qwater*  H = 10H  kN\m2 

water  Force  F = i ( $water*H ) *H=  £(lO  H)*H  = 5.0  H*  kN 
Actual  moment  at  Base  = F*  — 5.0  E2  * ^ H3  kN-™ 


Actual  moment  at  Base 


JcN.m 


To  get  the  max.  safe  height  (H) 

.•.  Actual  moment  at  Base  — M 

cr. 


TJS  — 35.87  kN.m 
3 


•'\H=  2.781  rn\ 


IfiUJJ  ^Uail!  ^ jj$J!  j*^JI  2.781  m 

• JbJLsJi  fjLygui  Jl>Jl>JS  ,Uf  J^sui  ili5  Jl  ^ 

^ cr . 
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Example. 


500 


1 


Use  the  data  in  the  given 
Idealized  Stress— Strain  Curves 
For  concrete  and  steel. 

to  calculate  C[j  > ^’max  ^ max  9 
For  the  given  section. 


_L 

150 


600 


450 


u 


250 


Fcu=  25  N\mrri 


Idealized  Stress— Strain 
Curve  For  Steel. 


Idealized  Stress-Strain 
Curve  For  Concrete. 


Solution . 

From  Curves  £,c=0.0025  ^ &c=  0.003 


F 

max  concrete  stress  = 0.85 

5c 


2 Feu 

3 5c 


max  steel  stress 


-3  5 

Eg  — 1.56*10  * 2.0  *10  =312  N\mm2 
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0.0025 


CjIUUI  ■uLii  iy> 

Cb  _ 0.0025 

d 0. 0025  + 

Cb  _ 0.0025 

d 0.0025+  1.56*103 


0.615 


Cb=  0.615  d 


max 


= 2-Ch  = o.4i  d 
3 


max 


0.8  C 


max 


0.328  d 


A s = 6 $ 18  = 1 526  mm 2 
d =550 


mm 


GL„.  - 0.1  d = 55.0  mm 

rrwn 

Oi~„~=  0.328  d = 0.328*550 

TYICLX 


- 180.4  mm 


-500- 


150 


600 


450 


6$18 


- 

^1 

250 
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assume  a ^ ts 
CL  < 150  mm 


-500- 


150 


d-f  600 


450 


1526 


1— 



From  equilibrium  eqn.  Cq  — T 

0.85  tsa  * a*B  = Fa  »i9 a , Fs 


250 


5, 


assume 


j-i 

Fg  = — =312  N\mm2  ( Under  reinforced  Sec.) 
Os 


055  (If)  (O')  (500)=  (312)(1526)  . 
. . a=67.2  mm  <ts  O.k. 

’•  O.fc. 


> (X—  67.-8  mm 


a . <a<a 

rmnN  ^ mcuc 


0.S5 


Mu,.  = Cc  *(d  ) 


67.2  [ 


Feu 

Qc 


u 


^500^ 


150 


550- 


67.2 


600 


450 


1526 


1— 

1 

M, 


U.L. 


= o.85  *a*B  (d-Q) 


850 


_ 


■^D.£.=  °-S5  (14)  (67.2)  (500)  (550  - ^2)  = 245806400  N.mm 

/ • U 


■=■  245.8  kN.m 
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